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Abstract 
The literacy demands of mathematics are specialised, evolving, and complex, 
reliant on learners’ competencies with varied semiotic systems such as symbolic, 
visual, and written and oral language. Focusing on these systems, which constitute 
literacy in mathematics, is crucial to effective mathematics teaching and learning. 
Because primary teachers have responsibility for a range of subject-specific 
language, a better understanding is needed of primary preservice teachers’ 
knowledge of literacy in mathematics and pedagogies that can be used to enhance 
this knowledge. Hence, this study investigated such aspects during a program of 
learning on literacy in mathematics, the learners being primary preservice teachers. 
It is argued here the four resources model from literacy education, in 
combination with social constructivist learning theories, provides an appropriate 
framework to investigate and scaffold the teaching and learning of literacy in 
mathematics. This includes a focus on four families of literacy practices: code 
breaking, meaning making, text using, and critically analysing, in a collaborative 
environment underpinned by social constructivist ideas. Based on relevant literature, 
the literacy demands of mathematics were categorised according to the four 
categories of literacy practices outlined in the four resources model. 
A qualitative case study design was used to develop, document, and analyse the 
program of learning. The learning took place during the time that the preservice 
teachers were in the process of completing their one-year Graduate Diploma in 
Education at an Australian university in preparation for teaching in primary schools. 
The program of learning involved a period of five weeks in 2012 for one group of 
participants, and three weeks in 2013 for three groups of participants, both followed 
by a final report-back about two months later. During these periods, the evolving 
knowledge of 23 primary preservice teachers, 6 in 2012 and 17 in 2013, was 
investigated. Data were gathered through audio recording parts of the learning 
sessions and through researcher field notes and participant portfolios of work 
samples and reflections. The reflections included final reflection responses collected 
after the participants had been on teaching practice, on their learning in the learning 
sessions and its application in their teaching.  
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The data were then analysed using thematic analysis by coding and 
categorising the data into themes and sub-themes, a first step towards addressing the 
research questions. In order to limit the length of the thesis, analysis focused on 
selected areas of mathematics, namely statistics, and measurement and geometry. 
Conclusions were drawn based on evidence from the study and on previous literature 
on the topic of literacy in mathematics. The study highlighted challenges that the 
preservice teachers experienced with literacy in mathematics, aligned to the elements 
outlined in the families of practices in the four resources model. Further, outcomes 
included development and initial trialling of pedagogies that can be used to foster 
preservice teachers’ learning of literacy in mathematics in a social constructivist 
setting. This led to the answering of the three research questions and development of 
a model to scaffold the learning of literacy in mathematics.   
Enhancing the sample of preservice teachers’ knowledge of literacy in 
mathematics is significant for positively influencing their future mathematics 
teaching and improving their teacher efficacy. By exposing their challenges with 
literacy in mathematics, and investigating related pedagogical strategies, the study 
has the potential to contribute to a body of knowledge on preservice education, in 
particular that which focuses on literacy in mathematics. Further, advancing the 
researcher’s knowledge of literacy in mathematics is important in terms of improving 
her efficacy as a preservice teacher educator. 
Based on the study participants’ keenness to expand their mathematical 
knowledge, professional development such as that provided in the learning program 
should be made more available to preservice teachers. Importantly, enhancement of 
literacies in different subject areas contributes to teachers’ and their students’ overall 
literacy, which is crucial in learning, assessment, and everyday life. 
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Chapter 1: Introduction 
The shell must break before the bird can fly. Tennyson 
The literacy demands of mathematics are specialised, evolving, and complex, 
including challenges posed by varied semiotic systems such as symbolic, written, 
visual, and oral language. Focusing on the subject-specific semiotic systems is 
crucial to effective mathematics teaching and learning. Hence this study was 
designed to investigate a program of learning on literacy in mathematics, the learners 
being primary preservice teachers. During the study, the preservice teachers’ 
knowledge of literacy in mathematics was investigated, together with an analysis of 
pedagogical strategies that can be used to foster learning of literacy in mathematics. 
The researcher played a dual role of researcher and facilitator in the study. 
In this chapter, the background to the study is outlined followed by a 
discussion of the meaning of key words and the researcher’s position in the study, 
leading to the research questions. The chapter ends with an outline of the theoretical 
framework and the research design, a discussion of the significance of the study, and 
an overview of the remaining chapters of the thesis. 
1.1 BACKGROUND TO THE STUDY 
Literacy in mathematics plays an important role in learning and assessment of 
mathematics, and in life. Much has been written about the importance and 
uniqueness of literacy in different subject areas (Sim, 2006; Shanahan & Shanahan, 
2008), and in mathematics (Barton, 2008; Orr, Kukner, & Timmons, 2014). In the 
mathematics section, the Australian Curriculum, Assessment and Reporting 
Authority (ACARA, 2015c) states: “Students become literate as they develop the 
knowledge, skills and dispositions to interpret and use language confidently for 
learning and communicating in and out of school and for participating effectively in 
society” (para. 4). Discussion follows of the importance and uniqueness of the hybrid 
of literacy practices in mathematics with reference to the importance of an “ability to 
create and interpret a range of texts typical of Mathematics” (para. 5). Language and 
literacy of mathematics is evident in many aspects of life including communication, 
business, and data analysis (Lowrie & Diezmann, 2005). Whereas students may 
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make limited use of mathematical algorithms in post-school years, they will 
encounter data presented in timetables, graphs, and lists, in bank statements, water 
accounts, and media articles. The prevalence of such examples points to the 
importance of fostering an understanding of literacy in mathematics to ensure that 
individuals are able to participate fully in a multiliterate society, a society in which 
written, verbal, and other representations are common. The role of competently using 
and presenting literacy in mathematics falls on teachers who need to be capable in 
this area of mathematics. 
Educators and curriculum writers have drawn attention to the importance of a 
focus on literacy in all subjects, including mathematics, implying that all teachers 
need to become literacy educators. In the National numeracy review report 
(Commonwealth of Australia, 2008) carried out by a panel of experts, good practice 
in the teaching of numeracy and mathematics were reviewed, based on evidence 
from research. Due to the complexities that language can pose to the understanding 
of mathematics, the experts advocated that “the language and literacies of 
mathematics be explicitly taught by all teachers of mathematics” (p. 34). Since 
meaning making relies on knowledge of the discipline, subject specialists are best 
positioned to take responsibility for imparting subject-specific literacy knowledge 
(Draper, 2002; Fang & Schleppegrell, 2010). This view resonates with the Australian 
Curriculum, which stresses the responsibility of all teachers in all subjects and year 
levels to develop literacy abilities, thereby aiding learners to use language 
competently in learning and in life (ACARA, 2013b). Moreover, the Australian 
Professional Standards for Teachers (Australian Institute for Teaching and School 
Leadership [AITSL], 2012), note the importance of all teachers having knowledge of 
literacy teaching strategies (Standard 2.5). The importance of literacy in learning is 
also reflected in the curriculum’s listing of literacy as a general capability to be 
embedded in all subject areas, including mathematics (ACARA, 2015c). 
However, certain factors impact on the effectiveness of literacy teaching in 
mathematics. Literacy may be ineffectively incorporated into mathematics 
instruction (Ewing Monroe & Orme, 2002), an issue aggravated by time constraints 
or by teachers with reservations about literacy teaching in their subject areas (Orr et 
al., 2014; Friedland, McMillen, & del Prado Hill, 2011). Such reservations may stem 
from traditionally held views that of all the subjects, mathematics is least affected by 
 Chapter 1: Introduction 3 
language (Schleppegrell, 2007), or may be a result of limited teacher knowledge (Orr 
et al., 2014). In order to teach mathematics, including literacy in mathematics, and 
avoid confusion in the classroom (e.g., Kotsopoulos, 2007; Raiker, 2002), teachers 
require deep knowledge of the subject (Commonwealth of Australia, 2008; S. 
Norton, 2010), including knowledge of the correct use and precision of mathematical 
language. Teachers’ knowledge of literacy in mathematics is a possible issue as it is 
part of the content knowledge of mathematics, and numerous educators have referred 
to preservice teachers’ limited content knowledge in the subject (e.g., Livy & Vale, 
2011; S. Norton, 2010, 2012). Alternatively, teachers may not have the ability to 
teach literacy effectively (e.g., Orr et al., 2014). In Sim’s (2006) study, involving 
Year 8 teachers from 10 different subjects, the teachers from all subjects except art 
stated that “reading, writing and following instructions were the key skills” (p. 248) 
needed for success in their subject areas. However, other than the English teachers, 
many had reservations about literacy teaching in their subjects, possibly due to time 
constraints or to limited knowledge of literacy pedagogies. Such examples led to 
Shanahan and Shanahan’s (2008) suggestion that a focus on literacy is overlooked in 
much subject teaching. Further, teachers’ limited pedagogical knowledge for 
teaching literacy, in particular reading, was noted in an Australian senate inquiry 
(Committee for the National Inquiry into the Teaching of Literacy, 2005), which is of 
concern because of the literacy practices common to different curriculum areas 
including mathematics. Such examples prompt a study into preservice teachers’ 
knowledge of literacy in mathematics and related pedagogies. 
A broad understanding of literacy in mathematics is particularly important 
today. Factors surrounding literacy in mathematics are seen by the researcher to be 
dynamic, posing ever-changing demands and ever-developing pedagogies. Changes 
such as new teaching methods, different curriculum content, introduction of new 
technologies, and teaching of diverse student cohorts are further discussed in Section 
2.2.1. These factors point to the importance of mathematics teachers and preservice 
teachers developing understanding of literacy in mathematics and related pedagogies.   
The researcher’s view is that literacy in mathematics is important for meaning 
making in mathematics and perhaps more importantly, as a bridge to other learning 
areas and real-world contexts, ideas evident in the curriculum and in scholarly work 
(ACARA, 2013b; Lemke, 2003). The study adopts the view that mathematics and 
 4 Literacy in mathematics in preservice education 
literacy, including everyday literacy and literacy in other curriculum areas, are 
inseparable (see Figure 1.1). For example, in the figure the area of overlap between 
mathematics and literacy (lined area) includes elements of mathematics that are 
relevant in literacy, such as comprehension of many diagrams, graphs, and timetables 
(see Lemke, 2003). The study focuses on literacy in mathematics, which includes the 
lined area of overlap between literacy and mathematics, and on literacy demands of 
mathematics, unique to mathematics (shaded area). Overall literacy in mathematics 
constitutes a unique hybrid of literacy demands as is the case in other subject areas 
(Shanahan & Shanahan, 2008). 
 
Figure 1.1. Overlap of literacy and mathematics.  
1.2 DISCUSSION OF KEY WORDS  
Crucial to the study is an understanding of how the terms literacy and literacy 
in mathematics are used. The meaning of literacy is the contemporary, broad 
meaning of the word, comprising competencies with multiple semiotic systems such 
as symbols and representations, and the five communication modes, namely, 
speaking, listening, reading, viewing, and writing. It includes mastery of 
interpretation (decoding) and generation (encoding) of varied text forms such as 
print-based and electronic text, and the ability to critique diverse text formats. Based 
on Meiers (2010), literacy in mathematics is taken to include all communication of 
mathematical ideas, and learners’ ability to access and make meaning in mathematics 
and in everyday communications with mathematical content. The following 
statement highlights the breadth of literacy in mathematics, and its important role in 
mathematics learning, a view reflected by ACARA (2013b). Literacy in mathematics 
includes learners’ ability to “read, view, analyse and interpret the mathematics 
represented by text, pictures, symbols, tables, graphs and technological displays … 
communicate in various ways―for example, orally, visually, electronically, 
Literacy  (including everyday 
literacy and literacy in other 
subject areas)
Mathematics
Literacy unique to mathematics
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symbolically and graphically … compose and respond to questions and problems” 
(Queensland Studies Authority [QSA], 2004, p. 5). 
The word text is taken to mean any written, audio, visual, or spoken 
communication using language (Winch, Johnson, March, Ljungdahl, & Holliday, 
2009). Multi-modal text is text containing multiple modes or systems of signs such as 
written language, visuals and sound (Serafini, 2012). The term visual representations 
(or visuals) refers to visual means of presenting mathematical ideas including 
diagrams, tables, number lines, graphs, equations, and computer graphics including 
dynamic and three-dimensional (3D) displays. The word knowledge, as applied to the 
preservice teachers, is based on Shulman’s (1986, 1987) framework, later adapted by 
Mishra and Koehler (2006) to include new technologies, with teachers’ knowledge 
comprising content, pedagogical, and pedagogical content knowledge, and 
knowledge of technologies. 
1.3 RESEARCHER’S POSITION IN THE STUDY 
The researcher has teaching experience as a senior mathematics teacher in 
schools in different countries, in a technical college where she taught engineering 
units, and subsequently in preservice teacher education. As an emigrant from South 
Africa to New Zealand and then to Australia, she witnessed the vast difference 
between traditional mathematics teaching approaches with an emphasis on drill 
methods and mathematics skills, and teaching methods guided by social 
constructivist ideas that emphasise the use of collaborative work. Such contemporary 
teaching and learning approaches depend on literacy knowledge on the part of both 
the teacher and the learner. The researcher also experienced the emphasis placed on 
statistics and probability in New Zealand including a raft of terminology, graphing 
techniques, and inclusion of inferences and critical analysis, all of which were not 
key content in mathematics in South Africa at the time. In other strands of 
mathematics, vocabulary and symbols were used differently to their use in South 
Africa, the best example being the use of the comma as a decimal point in South 
Africa, not a full-stop.  
Years later, the researcher witnessed preservice teachers’ difficulties with 
literacy in mathematics, including the challenges they faced when preparing 
presentations for the classroom, aggravated by their use of information from overseas 
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websites or books. Further difficulties experienced by preservice teachers related to 
their use of scales and visual representations, their challenges with comprehending 
word-based questions, and their difficulties with the use of new technologies, some 
of which fall under the banner of literacy. A combination of the above factors and 
experiences has helped to shape the researcher’s interest in language and literacy in 
mathematics teaching and learning. 
The interest in literacy in mathematics was further developed by readings and 
research on the topic. They drew the researcher’s attention to the importance of 
language and literacy in terms of making meaning of mathematical words (Gough, 
2007; Rubenstein, 2007), context questions (Abedi & Lord, 2001; Martiniello, 2008), 
and mathematical visual images (Lowrie & Diezmann, 2007, 2009). They noted the 
uniqueness of the language and literacy in mathematics as compared to literacy in 
other subject areas (Schleppegrell, 2007; Shanahan & Shanahan, 2008), including the 
use of symbols and highly specialised vocabulary (Kotsopoulos, 2007; O’Halloran, 
2005), varied visual representations (Lowrie & Diezmann, 2009; O’Halloran, 2005), 
high text density (Parkin & Hayes, 2006), and critical analysis in mathematics 
(Watson & Fitzallen, 2010).  
The researcher’s growing understandings of the field of literacy in mathematics 
led to this study. 
1.4 RESEARCH QUESTIONS 
A learning program for primary preservice teachers was developed in the 
study, the aim being to foster knowledge in the field of literacy in mathematics. 
Learning focused on essential literacy practices outlined by the four resources model 
(FRM) from literacy education, the learning guided by social constructivist (SC) 
learning theories. Three research questions were investigated, addressing three 
aspects of the learning program on literacy in mathematics. The first focused on an 
analysis of the theoretical framework in the learning program. The second focused on 
student difficulties, difficulties which gave direction to learning. The third focused 
on overcoming the difficulties though application of a selection of pedagogies 
described in the literature, the pedagogies designed to foster learning of literacy in 
mathematics. 
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1. How can literacy practices in mathematics be fostered for primary 
preservice teachers through the four resources model (FRM) within a 
social constructivist (SC) framework? 
2. What were the preservice teachers’ initial knowledge and understanding of 
literacy in mathematics? 
3. What pedagogical strategies can be used in a program based on the four 
resources model (FRM) within a social constructivist (SC) framework to 
develop the participants’ knowledge of literacy in mathematics? 
1.5 THEORETICAL FRAMEWORK 
The study argued for the use of a well-known and widely used model from 
literacy education to foster the participants’ knowledge of literacy in mathematics. 
Devised by Australian literacy educators Freebody and Luke, a balanced approach, 
the four resources model (FRM), was selected for use in mathematics, offering the 
potential of a link between the learning of mathematics, literacy learning, and 
everyday literacy. The model proposes that fully literate citizens require competence 
in code breaking, meaning making, text using, and text analysing, directing learning 
towards a broad spectrum of necessary literacy practices, but not offering guidance in 
terms of pedagogy. Providing direction for the teaching and learning, the FRM was 
combined with social learning theories, informed by the work of theorists Bruner 
(2006a, 2006b) and Vygotsky (1978). The collaborative learning approach is 
advocated by many educators in contemporary teaching including literacy and 
mathematics teaching (Section 3.2), hence is a pertinent choice for preservice 
teachers who are preparing to teach in schools. Further, this approach has been 
successfully used in units that focus on literacy in preservice teacher education (e.g., 
Conrad & Stone, 2015), favouring its selection to guide the instruction for the 
preservice teachers in this study.  
The theoretical framework was chosen to enhance learning in the complex field 
of literacy in mathematics by guiding the choice and delivery of learning activities. 
The FRM guided learning on a breadth of literacy practices. As prescribed in social 
learning theories, an active and collaborative learning environment was selected as a 
suitable environment in which scaffolding of understanding would occur between 
peers, dialogue about concepts would lead to improved understanding, and 
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reflections on learning would aid refinement of ideas and link learning to its 
applications. The choice and application of the theoretical framework is further 
detailed in Chapter 3.   
1.6 RESEARCH DESIGN  
A qualitative case study design based on Stake (1995) was used to develop, 
document, and analyse a program of learning that focused on literacy in 
mathematics. The participants in the case study were a group of primary preservice 
teachers from one Australian university who were in the process of completing a 
one-year full-time teaching qualification, a Graduate Diploma in Education, 
subsequent to the completion of a Bachelor degree. The Graduate Diploma in 
particular entailed teaching in primary schools. In this case study, the preservice 
teachers’ knowledge of literacy in mathematics and related pedagogies was 
investigated through a series of learning sessions. The sessions took place at the 
university campus for six participants in Group A in 2012 and for seventeen 
participants in Groups B, C, and D in 2013, outside the Graduate Diploma program. 
The program of learning involved a period of five weeks in 2012 and three weeks in 
2013. Both were followed about two months later by reflections on the learning, after 
a teaching practice in which some of the participants applied learning from the 
learning sessions to their teaching.  
The data were analysed to provide an understanding of the participants’ 
difficulties with literacy in mathematics, and an understanding of pedagogies that can 
be used to enhance the learning of literacy in mathematics. Work samples, field notes 
and audio recordings were completed during the learning sessions, and the 
participants, including the researcher, reflected on the learning during and after the 
sessions. Participant portfolios were collated and included work samples, summaries, 
answers, and reflections. The reflections informed subsequent learning and the 
research questions. The data were subsequently analysed using thematic analysis, 
based on steps described by Braun and Clarke (2006) and King and Horrocks (2010), 
by coding and categorising into themes and sub-themes in order to progressively 
work towards addressing the research questions. 
In summary, the study comprised  
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 a program of learning, for the primary preservice teachers, in which their 
developing knowledge of literacy in mathematics and details of related 
pedagogies were documented; 
 short-term and middle-term analysis of the teaching and learning in the 
learning sessions; and 
 thematic analysis which consisted of sorting the data into themes, followed 
by analysis and conclusions.  
1.7 SIGNIFICANCE OF THE STUDY 
In light of the emphasis on literacy, the changes in education over the past 
decades, and the uniqueness and complexities of the literacy demands of different 
subjects, teachers need to be in a position to teach literacy effectively in all subject 
areas, including mathematics (Orr et al., 2014). This is supported by a plethora of 
research and writing on language and literacy in mathematics over the past decades, 
evident in Newman’s foundational studies on the importance of language in problem 
solving (Newman, 1977, 1983a, 1983b), and still an important area of study today 
(e.g., Conrad & Stone, 2015; Meiers, 2010; Pierce & Fontaine, 2009). Developing 
awareness of the complexities of literacy in mathematics has the potential to 
encourage preservice teachers to focus attention on this area of mathematics. 
Other than studies that suggest gaps in preservice teachers’ mathematical 
content knowledge (Livy & Vale, 2011; S. Norton, 2010, 2012), studies that focus on 
preservice teachers’ knowledge of literacy in mathematics are difficult to find, as are 
empirical studies on the effectiveness of strategies that can be used to foster 
knowledge of literacy in mathematics (Friedland et al., 2011). Hence, the study 
investigated a sample of preservice teachers’ knowledge of literacy in mathematics, 
and pedagogical strategies that can be used to aid learning of this topic. Of particular 
interest was the overlap between the preservice teachers’ difficulties with literacy in 
mathematics and those previously identified and documented for school-aged 
learners. Enhanced understanding of teachers’ knowledge of literacy in mathematics 
and strategies that can be used in this area of mathematics stand to improve 
mathematics teaching and learning. 
It is argued here that literacy in mathematics is the foundation in the subject 
upon which all other learning in mathematics is built, literacy in mathematics 
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providing a link between literacy, mathematics, and other subject areas. A focus on 
literacy in mathematics has the potential to place learners in a better position to cope 
with literacy demands of mathematical text, and everyday text such as timetables and 
graphs. Importantly, enhancement of literacies in different subject areas contributes 
to teachers’ and their students’ general literacy, which is crucial in learning, 
assessment, and life. This crucial role of literacy is reflected in the high priority 
placed on literacy in contemporary society and in teaching and learning, by world 
organisations, curriculum writers, and educators (ACARA, 2013b; Commonwealth 
of Australia, 2008; Orr et al., 2014; Richmond, Robinson, & Sachs-Israel, 2008; 
United Nations Educational, Scientific and Cultural Organisation [UNESCO], 2004). 
The development of knowledge of literacy in mathematics, and related 
pedagogies, was important for the researcher and study participants. This was 
significant in terms of improving their efficacy as mathematics educators. By 
exposing the participants’ difficulties with literacy in mathematics, the study 
contributes to a body of knowledge on preservice education, in particular that which 
focuses on literacy in mathematics. Although this was a small, qualitative case study, 
some of the results could lend understanding to similar cases and lay foundations for 
larger studies on the topic. In order to allow for generalisations, larger, robust studies 
of this nature would be of use to educators and curriculum planners.  
1.8 THESIS OUTLINE 
Chapter 1 starts with a description of the important and complex field of 
literacy in mathematics. The discussion draws attention to the teachers’ role in 
scaffolding students learning of literacy in mathematics and possible difficulties in 
this regard. The key words are introduced (literacy, interpretation/decoding, 
generation/encoding, text, visual representations, and knowledge), and the researcher 
positioned in the study with reference to her prior experiences. Three research 
questions are posed, followed by a brief description of the theoretical and 
methodological frameworks and research process designed to inform the study, the 
aim being to answer the research questions. The chapter ends with a discussion of the 
significance of the study. 
Chapter 2, which is divided into three sections, includes a review of pertinent 
literature that has informed the study. The first section is devoted to literacy teaching 
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and learning, describing the evolving meaning of literacy, literacy internationally and 
in Australia, the changing face of literacy teaching and learning, and a description of 
the FRM from literacy education (Freebody & Luke, 2003), which underpins this 
study. The next section discusses readings and research on language and literacy in 
mathematics comprising content on the complexities of mathematical terminology, 
visual representations, problem solving, and critical analysis. The chapter ends with a 
discussion of categories of necessary knowledge for teachers, including content and 
pedagogical knowledge and a combination of the two. 
Chapter 3 describes the theoretical framework for the study. The first section 
examines application of the FRM to literacy in mathematics. This is followed by a 
discussion of social learning theories in primary school and preservice sectors with 
reference to educators such as Bruner (2006a, 2006b) and Vygotsky (1978). Chapter 
3 concludes by summarising important ideas that were used to inform the design of 
the research process and the learning sessions in the study.  
Chapter 4 details the research process, comprising a discussion of the research 
design, the choice of participants, the data collection methods, and details of the 
learning sessions. The chapter concludes with a discussion of ethical considerations 
and trustworthiness of the study.  
This is followed by Chapter 5, which analyses the research results relating to 
statistics with a focus on the participants’ abilities to interpret and generate statistical 
graphs, with guidance provided by a FRM heuristic in a collaborative setting. The 
chapter leads to increased understanding of factors that contribute to bias and 
deception in text with mathematical content.  
Chapter 6 analyses the participants’ literacy competencies relating to 
measurement and geometry, focusing on topics such as modified words, shape, 
transformations, and problem solving. It describes teaching and learning activities, 
based on the social constructivist approach, that were trialled in the study to scaffold 
knowledge of literacy in measurement and geometry.  
Chapter 7, contains a review of the learning based mainly on the participants’ 
reflections. In particular, the contribution of the theoretical framework to the learning 
is considered. Finally, Chapter 8 draws conclusions from the study by detailing key 
findings and answering the research questions.  
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Chapter 2: Literature Review 
The previous chapter introduced key issues for the study and argued for a focus 
on literacy in mathematics to improve the instruction of mathematics. The aim of the 
study was to investigate a learning program for preservice teachers, guided by the 
four resources model (FRM) and social constructivist (SC) ideas. In order to 
successfully apply literacy teaching methods to mathematics, an understanding of 
literacy and literacy teaching was needed. The literature review therefore commences 
with a discussion of the meaning of literacy and of the changing nature of literacy 
education. This culminates in the choice and description of the FRM as the literacy 
model to guide learning in this study. Following in the subsequent section is a 
discussion of the literacy demands of mathematics and related pedagogies, organised 
according to the four categories of literacy practices from the FRM, the reason why 
the FRM is described in this chapter. The chapter concludes with an overview of 
necessary knowledge for teachers. 
2.1 LITERACY AND LITERACY TEACHING 
2.1.1 The meaning of literacy 
The meaning of the word literacy is dependent on the society and context in 
which it is based. If literacy refers to communication practices (Wood, 2002) 
primitive peoples were literate, but utilised very different literate practices to those of 
contemporary Western societies. One would therefore expect the meaning of the 
word literacy to evolve as communication channels change. This is evident in the 
evolving meaning of the word literacy, which has changed in line with changes in 
Western society including the development of new technologies (Baguley, Pullen, & 
Short, 2010; Iyer & Luke, 2010). The original meaning of literacy referred to a skills-
base, in particular, the ability to read and write with reference to print format 
(Baguley et al., 2010; Ognyanova, 2010). Today, although a person may be able to 
read and write, they may not be competent with a full range of necessary literacy 
practices if they are unable to compete in a technological world (Ntiri, 2009). The 
definitions of literacy have, therefore, expanded to encompass the new ideas, literacy 
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being a continually changing set of cultural practices, shaped by social groups and 
cultural interests (Luke & Freebody, 1999).  
In recent times literacy has been linked with economic, cultural, social, ethical, 
technological, critical, and political ideas (Baguley et al., 2010; Harris, Turbill, 
Fitzsimmons, & McKenzie, 2006). The meaning of literacy is described for set 
contexts and purposes, and includes widely varying definitions. Some reflect an 
economic perspective, with employability being based on literacy levels; others refer 
to an enrichment of life (D. Edwards & Potts, 2008). Others link literacy to political 
ideas: social justice, unequal power distribution, and liberation from oppression 
(Ntiri, 2009; Roberts, 2005). Such views have resulted in controversy between 
political views of literacy, and functional views (Ntiri, 2009), in which literacy is 
seen as a necessary life skill. Reference is also made to literacies such as critical 
literacy and information technology literacy (McDougall, 2010; Roberts, 2005).  
The meaning of literacy has evolved in education resulting in changes to 
pedagogical practice. Some earlier descriptions of literacy referred only to reading, 
others to reading and writing, and others added speaking (D. Edwards & Potts, 
2008). Today, many views expressed by academic descriptions include all five 
communication modes, and technological and critical evaluation skills (Ognyanova, 
2010). Contemporary students encounter large amounts of information (D. Green, 
2006) and cannot know everything, thus literacy teaching has had to take new 
directions, focusing increasingly on acquiring and generating information in varied 
forms, and using different technologies (Zammit & Downes, 2002). Included are 
literate practices such as interpreting and using computer displays, which involve 
hyperlinks, visuals, sounds, and symbols. While governments may prefer a definition 
of literacy that focuses on economic success and political agendas, some academics 
view literacy in terms of providing learners with the ability to function effectively in 
society (Baguley et al., 2010; Freebody & Luke, 2003).  
2.1.2 Literacy internationally and in Australia 
Literacy, of which literacy in mathematics is just one part (Figure 1.1), is 
important for learning, and for security and success in society, its crucial role 
acknowledged by educators, governments, and world organisations. Literacy 
competencies are necessary for learners in terms of acquiring, generating, and using 
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information (Zammit & Downes, 2002), making informed choices, avoiding 
manipulation by media, and coping with huge amounts of information (D. Green, 
2006). Limited literacy competencies may impact on a person’s access to life 
experiences and learning (Freebody & Luke, 2003) in a world in which literacy is 
seen as important in everyday life (Baguley et al., 2010; Winch et al., 2009). The key 
role of literacy is noted in an Australian senate inquiry (Committee for the National 
Inquiry into the Teaching of Literacy, 2005), valued by most governments 
(Hammond, 2001; Orr et al., 2014), and stressed by international organisations such 
as UNESCO as a human right (UNESCO, 2004).  
In the past few decades, literacy has become a key issue in education in 
Australia, as in many countries. Due to increasing diversity and concerns about 
literacy achievement, the National Policy on Languages was published in Australia 
in 1987 (D. Edwards & Potts, 2008, p. 127). In 1997 the national numeracy and 
literacy development plan advocated early intervention for children identified as 
having difficulties (Dooley, 2004), and in 2000 minimum acceptable standards of 
performance in literacy and numeracy, called benchmarks, were published (Winch et 
al., 2009). This was followed in 2005 by the Teaching Reading – Report of the 
National Inquiry into the Teaching of Literacy that focused on reading (Committee 
for the National Inquiry into the Teaching of Literacy, 2005).  
Literacy has become prominent in the Australian Curriculum and in testing. 
The national Australian Curriculum, with an emphasis on literacy as the first of the 
seven general capabilities in all subject areas (ACARA, 2015c), was implemented in 
2012. The section general capabilities/literacy stresses the importance of learners 
engaging in the unique literacy practices in all learning areas, including mastery of 
subject-specific vocabulary and use of unique text-types. Moreover, literacy is a sub-
strand of the English curriculum. The increasing emphasis on literacy and numeracy 
has been a driving force towards national testing in literacy and numeracy (Lowrie & 
Diezmann, 2009), which was introduced in 2008. In mathematics, the importance of 
unique hybrid of literacy demands is evident in the National Assessment Program: 
Literacy and Numeracy (NAPLAN) mathematics tests (e.g., ACARA, 2013a). 
Recently this importance of literacy has been further acknowledged by the 
introduction of a literacy (and numeracy) test for starting teachers, which will be 
compulsory from the middle of 2016 (Department of Education and Training, 2015).  
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Such developments are important for mathematics teachers and underpin the 
focus on literacy in mathematics in this study. Today, it is accepted that literacy 
plays a key role in curriculum, pedagogies, and testing in all subject areas. This 
highlights the importance of developing an understanding of previous models of 
literacy education in order to identify a suitable literacy model on which to base the 
study of literacy in mathematics. This is the purpose of the next section.  
2.1.3 Changes in literacy education 
Controversies have surrounded best teaching practice in literacy education in 
many countries in the past decades. The controversies, described by educators (e.g., 
Bull & Anstey, 2005; Freebody & Luke, 2003; Luke, 1998) largely centred on which 
of two main methods, skills-based instruction or meaning-based instruction, were 
best used in reading. The skills-based approach, sometimes referred to as the phonics 
approach, focuses mainly on skills including word recognition, pronunciation, 
spelling, and punctuation (Freebody & Luke, 2003). The meaning-based approach, 
sometimes called the whole-language approach, focuses on meaning of the whole 
text (V. A. Jacobs, 2008), and acknowledges the social, cultural, and situational 
aspects of literacy teaching (Moschkovich, 2005).  
Consensus was generally reached in the 1990s that there was no one best 
method (Anstey & Bull, 2004; Freebody & Luke, 2003), heralding a movement 
towards a combination of approaches. Phonics methods alone were an inadequate 
way of teaching a child to read, and a child would not learn skills through being 
immersed in print (Winch et al., 2009). The seemingly logical result was approaches 
that combined the two apparently complementary methods. The idea of a balanced 
method, consisting of a hybrid of skills-based approaches and whole-language 
approaches came into being (e.g., Freebody & Luke, 2003). In 2005 in Australia, a 
senate inquiry led to recommendation of balanced methods in literacy instruction 
(Committee for the National Inquiry into the Teaching of Literacy, 2005). Such 
methods have become increasingly common in Australia (Rasinski & Padak, 2004) 
and New Zealand, and are increasingly used in the USA (Winch et al., 2009). 
Balanced strategies have been described by educators, an example for reading 
instruction being the whole-part-whole approach (Stoicheva, 2000). First the whole 
text is discussed with an emphasis on meaning, with the use of shared reading for 
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instance. Thereafter focus moves to skills that may be useful for making meaning of 
the text. Lastly, the skills knowledge is applied to the whole text.  
In general there has been a movement in literacy education from skills-based 
approaches to socially and culturally appropriate approaches, critical approaches, and 
approaches that emphasise evolving technologies (Baguley et al., 2010; Freebody & 
Luke, 2003). The critical approach is seen in literacy models developed by B. Green 
(1988) and Luke and Freebody (1990). The model developed by B. Green (1988) 
comprised three dimensions (pp. 160-162). The operational dimension focused on 
learners’ use of the codes and conventions in the text, including the words, symbols, 
and visuals; the cultural dimension focused on their ability to make meaning of the 
content in the text, bearing in mind that meaning is socially and culturally 
constructed. The critical dimension, which was based on the notion that concepts are 
never neutral, focused on learners’ understanding of underlying bias in text. This 
model was followed by another developed by Freebody and Luke, that also took 
cognisance of the social and critical elements of literacy teaching, and was used as 
one of two elements in the theoretical framework of the study.  
2.1.4 The four resources model (FRM)  
It is argued here that a good literacy model was needed in this study to aid 
instruction in the complex field of literacy in mathematics. The past controversies 
about literacy education led to the choice of a balanced approach, the FRM proposed 
by eminent scholars in literacy education in Australia, Freebody and Luke. Freebody 
and Luke argued that past controversies had been counterproductive, losing track of 
the complexity of practice and separating literacy teaching from broader social, 
cultural and political issues. In 1990 they produced a ground-breaking model that 
acknowledged the value of all previous pedagogies in varied circumstances, 
including phonics and whole-language methods (Luke & Freebody, 1990). They 
melded a hybrid of previous methods into a new and powerful unit. Instead of simply 
decoding text, for instance, their model stressed the importance of building meaning 
and analysing text with a focus on socio-cultural contexts. 
Luke and Freebody (1999) argued that literacy learning involves mastery of a 
variety of literacy practices, key to utilising texts with varying content, contexts, and 
social and cultural purposes. Luke and Freebody (1990; 1999) proposed that 
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effective reading or more broadly, reading and writing, depended on proficiency with 
four categories of literacy practices. The first, namely code breaking referred to 
readers’ ability to use the features such as grammar, layout, headings, and 
conventions in text, and their ability to use the graphic symbols and to relate them to 
spoken language (Freebody, 2004). The second referred to the readers’ ability to 
participate in and make meaning of various elements of text based on stated and 
unstated information and relying on individual experiences and prior knowledge. 
Such meaning-making practices are built upon the view that meanings do not emerge 
directly from texts, rather they are constructed by readers in socio-cultural contexts, 
readers having agency in the process (Serafini, 2012). The third category emphasised 
readers’ ability to use the cultural and social functions of various genres found in 
text. This included text constructed for varying purposes including pleasure, learning, 
and information gathering (Harris et al., 2006). The fourth dimension of the FRM 
focused on readers’ understanding that texts are not neutral. Drawing attention to the 
influencing and misleading elements in the text, the category focused on readers’ 
ability to critically analyse text by questioning its bias, truth, and power. The FRM of 
reading that resulted had similarities to B. Green’s (1988) model. Both emphasised 
the operational (code-breaking) and critical dimensions. The cultural dimension in 
Green’s model equated to the text-user and meaning-maker practices in the FRM. 
Both models acknowledged the socio-cultural aspects of language learning, texts 
being creations of cultures and societies (Anstey & Bull, 2004), and literacy being 
chiefly a social practice (Freebody & Luke, 2003; Harris et al., 2006).  
Subsequently, acknowledgement of the role of five communication modes, 
namely, speaking, listening, reading, viewing, and writing, together with new 
technologies, became increasingly widespread, reflected in Freebody and Luke 
(2003). The updated model can be applied to all communication modes, and stresses 
the importance of understanding and composing texts using a repertoire of the four 
families of practices – code breaking, meaning making, text using, and text analysing 
– to enhance students’ literacy learning, the importance of an explicit focus on each 
also stressed by Freebody (2004).  
The FRM aligns with broad contemporary views of literacy discussed by 
Baguley et al. (2010), in which social, cultural, critical, and technological aspects of 
literacy are stressed, the aim being to develop active, analytic, and critical readers 
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and writers (Freebody, 2004). The FRM model, which holds that literacy is not just 
an application of skills, focuses on “diverse texts, genres and discourses in various 
social contexts” and “in various media, including print, electronic and visual” 
(Anstey & Bull, 2004, p. 25), and refers to the use of text for learning purposes. 
More than seeing language as symbols on a page, the reader or writer actively 
constructs an understanding of the deep social and cultural significance of the text. In 
his web seminar in 2012, Luke stressed the importance of a learner developing the 
ability to engage with text including everyday text and electronic text, and 
developing “a healthy scepticism” (Luke, 2012) towards their contents. 
Table 2.1 
The Four Resources Model (FRM) according to Freebody and Luke (2003) and Adapted for this Study  
Resource Description from Freebody and Luke (2003, pp. 56-57) 
Interpretation of included 
literacy practices for this study 
Code 
breaking 
“Recognizing and using the fundamental features and 
architecture of written texts including: alphabet, sounds 
in words, spelling, punctuation, conventions and 
patterns of sentence structure, page layout, 
directionality and text formatting.”  
Literacy practices that involve 
utilisation of the codes and 
conventions in text such as the 
formatting, layout, order, 
direction, punctuation, 
spelling. 
Meaning 
making/ 
Text 
participating 
“Understanding and composing meaningful written, 
visual and spoken texts in ways that connect texts’ 
meaning systems to people’s available knowledges and 
experiences of other cultural discourses, texts and 
meaning systems, and the relevant and purposeful 
inferences that can be drawn from these connections.”  
Literacy practices that involve 
participating to compose or 
make meaning of text with 
reference to key ideas, prior 
knowledge, and inferences. 
Text using 
(using texts 
functionally) 
“Traversing and negotiating the social relations around 
texts; knowing about and acting on the different 
cultural and social functions that various texts perform 
both inside and outside school and knowing that these 
functions shape the way texts are structured, their tone, 
their degree of formality and their sequence of 
components, and the courses of social action they can 
accomplish with particular texts.”  
Literacy practices that involve 
composing or utilising text 
designed for different 
purposes and audiences. 
Text 
analysing  
“Understanding and acting on the knowledge that texts 
are not transparent windows on the world, that they are 
not ideologically natural or neutral, that they represent 
particular views and silence others, influence people’s 
ideas; and that their designs and discourses can be 
critiqued and redesigned in novel and hybrid ways.”  
Literacy practices that involve 
critically interpreting text for 
possible bias or 
misrepresentation or 
composing text to show a 
particular view. 
 
Varied terminology has been used for the FRM (Freebody & Luke, 2003; Luke 
& Freebody, 1990; Luke & Freebody, 1999), with reference made to the four roles, 
which later became four families of practice because it better depicted the broad 
range of active literacy practices undertaken by learners (Luke & Freebody, 1999). 
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For the sake of consistency, this study will refer to literacy practices, families of 
practices, the four dimensions, and the FRM in the remainder of the document. 
Details of the FRM (Freebody & Luke, 2003) are shown in Table 2.1, including the 
authors’ interpretation of the four dimensions of the model in this study.  
Reasons for the choice of the four resources model (FRM) 
The complexity and highly specialised nature of mathematics symbolic 
systems, terminology, and mathematical visual representations (see Section 2.2) 
illuminate the importance of applying a rigorous literacy model to develop deeper 
understanding of literacy in mathematics. Use of a literacy model in mathematics 
makes way for a unifying link between literacy and mathematics, encouraging a 
transfer of knowledge between them. 
The FRM is well-acclaimed having been widely used in Australia (Committee 
for the National Inquiry into the Teaching of Literacy, 2005; Freebody & Luke, 
2003), the USA (Freebody & Luke, 2003), Canada (Luke, 2012), and countries 
including Singapore (Luke, 2012) and New Zealand. It has an attractive presentation 
with simple and novel sub-titles such as code breaker and meaning maker, presenting 
a user-friendly image to teachers of mathematics. It is versatile having been adapted 
in response to changes in society (Luke & Freebody, 1999), and advocates well-
developed techniques from previous literacy instruction, offering teachers space for 
creativity and independence in their choice of pedagogies and learning materials 
(Luke, 2012). It can be used for the study of varied text-types including everyday 
text (Luke, 2012). A strength of the model is its inclusion of a variety of theoretical 
perspectives such as socio-cultural and critical perspectives, its design providing a 
solution to the previous controversies in literacy education by shifting focus from 
advocacy about a best method to a framework of essential literacy practices in 
contemporary times. The model has an overarching aim of preparing students for the 
broad and complex demands of everyday life (Freebody & Luke, 2003), focusing on 
skills, comprehension, use, and critical analysis of text, unlike some methods that 
focus limited attention on comprehension, for instance (Freebody, 2000).  
The FRM aligns with contemporary views about literacy and literacy 
education. While other approaches such as skills-based approaches focus on limited 
literacy practices, emphasising teaching of skills at the expense of teaching 
understanding, the FRM advocates a balanced approach to teaching literacy, drawing 
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attention to a broad range of literacy practices. As do other literacy teaching models 
(Section 2.1.3), the model takes social, cultural, and critical issues, and technological 
change into account (Harris et al., 2006). The emphasis on critical analysis in the 
FRM is reflected in wider thinking about literacy teaching in Australia (Section 
2.1.3). This mirrors the emphasis on critical thinking in the curriculum (ACARA, 
2015c), critical analysis relying on critical thinking.  
Favouring the choice of the FRM and providing guidance for its use in this 
study, the model was previously modified for use in mathematics. This is evident in 
the Department of Education, Science and Training (DEST, 2004a, p. 68) and the 
previous Queensland mathematics syllabus (QSA, 2004, p. 5), both of which referred 
to breaking the codes, making meaning of text, and using and critically analysing text. 
The FRM was also apparent in Brown and Hirst (2005) and in the Queensland School 
Curriculum Council (2001) Position Paper. In both cases, the model was modified to 
incorporate the entire field of mathematics including mathematical processing. The 
Numeracy in the News part of Newspapers in Education (NIE, 2009), Stack, Watson, 
Hindley, Samson, and Devlin (2010), and Watson and Callingham (2003) gave 
examples of statistical text that could be critically analysed and examples of how the 
FRM could be applied to the strand of chance and data, ideas that were useful in the 
current study. Certain elements of the heuristics from NIE (2009), Stack et al. (2010), 
and Watson and Callingham (2003) guided development of a heuristic for this study. 
The heuristic made possible the mapping of activities for the learning program that 
focused on literacy in mathematics (Appendix A).  
Criticisms of the four resources model (FRM) 
As with all models, the FRM has critics. The best order of the four dimensions 
of the model in literacy instruction and the depth to which each should be covered is 
debatable, as discussed in Freebody (1992). For instance, concern has been expressed 
as to whether critical analysis is necessary especially for young children (Harris et 
al., 2006). Reflecting criticisms of the FRM by educators, the model has been 
criticised in the media. In the article Studies confound left-wing teachers, Donnelly 
(2008) referred to confusion as to whether the FRM of teaching reading was 
optimum or whether conventional phonics models, such as those used in the USA in 
the early 2000s (e.g., No Child Left Behind initiative), were preferable. The concern 
was that extra time spent on the four families of practices could result in code-
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breaking skills being underemphasised. Countering such criticisms, Freebody and 
Luke (2003) contended that all four dimensions of the FRM need to be 
systematically and explicitly utilised at all levels. The four dimensions can occur 
concurrently and are not order dependent, a proficient user of text needing 
competencies in code breaking, meaning making, and the ability to use and critically 
analyse text. An indication that there is no predetermined order for the application of 
the four dimensions in the FRM, their simultaneous use is evident in the examples 
described by Rush (2004).    
The FRM is broad, advocating that teachers utilise the best of previous literacy 
pedagogies, advice that overlooks the expertise required to achieve this. According to 
Freebody (2000), effective teachers need to be capable of using a mix of pedagogical 
strategies from a range of possible strategies, Luke and Freebody (1999) stating that 
different teaching approaches are suitable for different student cohorts. Such advice 
may prove confusing to teachers who previously utilised skills-based or whole-
language approaches, the limited detail given in the FRM about advocated teaching 
strategies being potentially challenging for teachers, especially inexperienced 
teachers. In terms of Luke and Freebody’s four families of practice, the distinction 
between the different categories is sometimes blurred. For instance code breaking, 
meaning making and critical analysis are all part of using text, such an example 
drawing attention to the overlapping and inseparable nature of the four dimensions of 
literacy learning. Another consideration, the FRM model has been linked to equity 
issues (Freebody & Luke, 2003), which Luke (2012) insisted should not be over-
emphasised. Such issues were not considered in this study, issues considered to be 
out of the scope of the research. 
Although Freebody and Luke (2003) acknowledged the importance of print, 
visual, and digital resources, they did not fully outline contemporary literacy 
practices, important today in the reading and viewing of text including digital and 
multi-modal texts. Such practices include sourcing and sorting information and 
negotiating links. The literacy practices in the FRM have recently been elaborated on 
by Kress (2010) and Serafini (2012) with a stronger focus on contemporary texts. 
Based on theories and research from outside literacy education, Serafini extending 
use of the FRM to reading and viewing of visual, digital, and multi-modal text, 
referring to the literacy dimensions as navigation, interpretation, designing, and 
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interrogation. For instance, code breaking included navigation or movement through 
the virtual space of digital and multi-modal texts, requiring mastery of the codes in 
the visual designs and in the written text, for instance. In terms of interpretation, 
Serafini (2012) acknowledged the authority of the reader, a variation in meanings 
constructed by the readers being possible, dependent on their prior knowledge and 
experience, and socio-cultural contexts. Serafini’s (2012) category of designing 
referred to choices made by readers’ as to their individual pathways through text, for 
instance choices of relevant links in digital texts. Interrogation of text had a similar 
meaning to critical-analysis practices described by Luke and Freebody.   
While Serafini (2012) offered expanded understanding of the necessary 
repertoire of literacy practices for contemporary times, an example of how the 
modified categories could be applied to a given sample of multi-modal text would 
have further enhanced their work. Their modified literacy practices are best used in 
combination with the FRM, which gives more detail of literacy practices associated 
with print-based text. Serafini also underemphasised the essence of text-using 
practices described in the FRM, which focuses on the functional use of different 
genres in learning and life. Together the FRM and Serafini’s (2012) work would 
prove useful in the current study.  
Of the concerns about the FRM discussed above, one of the most relevant to 
mathematics teachers is an understanding of how best to present a balance of literacy 
learning, whilst using the model, the idea of providing a balance being complex. It 
includes presentation of a broad repertoire of literacy practices drawn from the four 
families described in the FRM (Freebody & Luke, 2003; Freppon & Dahl, 1998) but, 
as discussed, the exact nature of the balance is contentious, with queries about 
whether some aspects of literacy are learnt naturally. Although Freebody (1992) 
advocated the simultaneous and explicit use of all dimensions of the model, the ratio 
of emphasis on each resource was not clarified. Rasinski and Padak (2004) suggested 
that more meaning making and less code breaking was necessary at higher levels. 
This is likely to depend on factors such as the level, content, and learner abilities and 
may not apply to mathematics where many symbols, words, and varied 
representations are introduced at higher levels. Extending the idea of balance further, 
literacy learning needs to include the different communication modes with use of 
varied resources and experiences, including everyday text and digital text (Rasinski 
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& Padak, 2004), important elements of literacy learning also referred to by Freebody 
and Luke (2003). Rasinski and Padak (2004) suggested that equal time be spent on 
reading and writing but failed to include listening and speaking and may have seen 
viewing to be part of reading, whereas Freebody and Luke (2003) stressed the 
importance of all five communication modes. 
Choice of the four resources model (FRM) 
All education models have merits and failings. The merits of applying the FRM 
in literacy teaching are identified above, resulting in its selection as part of the 
theoretical framework to underpin the learning of literacy in mathematics in the 
learning sessions. Thorough reading that highlighted the need for a simultaneous and 
explicit focus on a broad range of literacy practices described in the model, and gave 
examples of its use (e.g., Rush, 2004), aided understanding of its application. The 
FRM acted as a framework for structuring the learning in the current study. In the 
next section literacy in mathematics is analysed and discussed, building an 
understanding of how literacy in mathematics can be categorised into the four 
categories from the FRM, hence laying the foundation for use of the model in the 
teaching and learning. 
2.2 MATHEMATICS AND LITERACY 
Based on the contemporary broad meaning of literacy and the FRM, the 
discussion in this section focuses on text with mathematical content, including visual 
and electronic text. The chosen literature addresses and is organised according to the 
four dimensions of the FRM. Initially discussion centres on the differences between 
mathematics and other text and the importance of a focus on literacy in mathematics 
teaching. Thereafter the focus turns to code breaking and meaning making with 
respect to symbols, words and phrases, and mathematical visual images, the basic 
elements of mathematical text. Text using is then considered with reference to the 
five communication modes followed by use of text in problem solving, and critical 
analysis of text. Reference is made to use of everyday text, since literacy ability 
incorporates the ability to operate in learning environments and in society at large 
(Freebody & Luke, 2003). All of the above are seen as important for providing 
effective teaching and learning and assessment in mathematics, and necessary in 
terms of preparing learners for everyday life.   
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2.2.1 The specialised and changing nature of literacy in mathematics 
Literacy demands of different subject areas vary widely (Christie & 
Derewianka, 2008; Shanahan & Shanahan, 2008). The differences between literacy 
in the curriculum area of English and literacy in mathematics are particularly evident 
when comparing the literacy requirements of the reading and numeracy NAPLAN 
tests. Differences include more use of mathematical symbolism, tables, and diagrams 
that contribute information to questions in the mathematics tests.  
During mathematics lessons and assessments, students use the literate practices 
of the subject, of other subjects, and of everyday literacy, broaching the gap between 
different communication modes. They use subject-specific words, information in 
diagrams, and symbolic format, much of which is different from other subject areas. 
The Australian Curriculum (ACARA, 2015c) describes literacy in mathematics: 
Students become literate as they develop the knowledge, skills and 
dispositions to interpret and use language confidently for learning and 
communicating in and out of school and for participating effectively in 
society. Literacy involves students in listening to, reading, viewing, 
speaking, writing and creating oral, print, visual and digital texts, and using 
and modifying language for different purposes in a range of contexts.  
Literacy is an important aspect of mathematics. Students develop literacy in 
mathematics as they learn the vocabulary associated with number, space, 
measurement and mathematical concepts and processes. This vocabulary 
includes synonyms (minus, subtract), technical terminology (digits, lowest 
common denominator), passive voice (If 7 is taken from 10) and common 
words with specific meanings in a mathematical context (angle, area). They 
develop the ability to create and interpret a range of texts typical of 
Mathematics ranging from calendars and maps to complex data displays. 
Students use literacy to understand and interpret word problems and 
instructions that contain the particular language features of mathematics. 
They use literacy to pose and answer questions, engage in mathematical 
problem solving, and to discuss, produce and explain solutions. (para. 4-6)  
The study focuses on the above ideas, which are akin to meaning making and text 
using in the FRM, and on code breaking and critical analysis. Due to the uniqueness 
of the hybrid of literacy practices in mathematics such a focus is necessary, without 
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which learners may not be well positioned for learning mathematics and facing the 
challenges of the complex demands of literacy in the subject. 
Integral to literacy in mathematics is the need to formalise and represent ideas 
of quantity, relationships, and space precisely: “Learning mathematics is learning to 
communicate in particular ways about relationships” (Barton, 2008, p. 152). Unlike 
everyday language mathematical language can be used to give precise descriptions of 
shapes, sizes, or rates (Lemke, 2003). As discussed in the following sections, 
effective communication depends on overcoming the complexities presented by 
multiple semiotic systems such as symbolic notation and visuals, oral language, and 
written language (Fang & Schleppegrell, 2010). It includes negotiating the often 
inflexible codes and conventions of mathematics, the subject-specific vocabulary, 
abstract words, and words that have different meanings in everyday language. 
Necessary too is overcoming the complexities created by mathematics text that has a 
high lexical density (Barton, Heidema, & Jordon, 2002; Fang & Schleppegrell, 
2010), containing few redundant and grammatical words and a high proportion of 
content words (Parkin & Hayes, 2006). Moreover, mathematical text can be 
impersonal, can lack reference to real-life objects, and is at times written in passive 
voice. It may include few textual clues to aid reader understanding (Newman, 1983a, 
1983b), and key points are at times in unexpected places such as at the end of 
problems (Barton et al., 2002). Further, as exemplified by Ilany and Margolin (2010), 
mathematical tasks rely on learners’ abilities to bridge the gap between mathematical 
and everyday language.   
Mathematics terminology, content, and pedagogies are dynamic, posing ever-
changing demands and ever-developing pedagogies, which require teachers to keep 
abreast in contemporary times. Developments in education include movement from 
traditional classrooms towards different environments and pedagogies in 
mathematics and in other subject areas (Elley & Kam, 2003; Frid & Sparrow, 2009; 
Kalantzis & Cope, 2005). Many changes were informed by SC ideas, which place 
increased importance on reasoning, communicating, problem solving, and use of 
language in mathematics classrooms (Twomey Fosnot & Dolk, 2005; see Section 
3.2), elements reflected in the Australian Curriculum Mathematics (ACARA, 2015b). 
Such elements of mathematics place increased literacy demands on teachers and 
learners, with a higher proportion of reform-based lessons spent on verbal 
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questioning and discussion than in traditional lessons (Boaler, 2003). Whereas 
traditionally students were expected to listen, memorise, copy, and drill, they are 
now expected to become engaged in active learning with emphasis on discussion, 
debate, understanding, and exploration of concepts (Frid & Sparrow, 2009; Hunter, 
2007, 2010; Irvin, 2008). The word literacy, with its broad contemporary meaning, is 
increasingly used in all curriculum areas (ACARA, 2013b; D. Edwards & Potts, 
2008) including mathematics (e.g. Orr et al., 2014). Critical literacy (Freebody & 
Luke, 2003; Orr et al., 2014) and critical numeracy (Whitin & Whitin, 2008) have 
gained importance (Section 2.2.8), as the meaning of literacy has evolved to include 
an expanding range of literacy practices (Section 2.1), impacting on literacy and 
numeracy teaching. 
The mathematics curriculum has changed in recent decades, meaning that 
teachers may be required to cover unfamiliar content or may access overseas 
resources containing different content. Changes include the replacement of Euclidean 
geometry with transformation geometry and movement away from the imperial 
system of measurement, with its related vocabulary. Statistics and probability have 
grown in importance in curricula in many countries, including Australia and New 
Zealand (Siemon et al., 2011; Watson & Fitzallen, 2010), dependent on increased 
mastery of statistical literacy (Watson, 2015). Such changes rely on new vocabulary 
and language skills (P. Doyle, 2008; Watson, 2000b), with increased use of 
modelling, reasoning, critiquing, communicating, and making connections, all of 
which rely on literacy skills. For example, a selection of literacy demands of 
statistics, which includes vocabulary (e.g., sample, interquartile range), graphs (e.g., 
box plot), and the need for verbal analysis with justifications, are evident in 
Woodward and Pfannkuch’s (2007) study. Martiniello (2008) too referred to the 
challenges that statistics and probability pose to English language learners (ELL), 
those who have difficulty communicating effectively in English. This is due partly to 
the literacy demands of these strands of mathematics.  
Other changes in recent times that impacted on literacy demands in 
mathematics include increased use of testing and visuals (Lowrie & Diezmann, 
2009) and new technologies (Serafini, 2012). Nationally, NAPLAN testing was 
introduced into Australia in 2008. Such tests often use largely word and graphic-
based questions (e.g., ACARA, 2013a), meaning that literacy ability is crucial to a 
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child’s success in the testing. Assessment questions are often contextualised to make 
links with the real world, and open-ended, requiring the learners to utilise both 
reading and writing skills (Bossé & Faulconer, 2008). Use of varied visuals and 
graphics are evident in testing, schooling and in society (Lowrie & Diezmann, 2009). 
New technologies have changed literacy demands, with contemporary students 
needing to process text in diverse, modern formats with “increasingly multimedia 
and multimodal nature of texts” (Harris et al., 2006, p. 35). Growing calls for equity 
(Ntiri, 2009; Zevenbergen, Dole, & Wright, 2004) have heightened the emphasis on 
literacy in all subjects, with the aim of fostering learning for students with weak 
language abilities. New pedagogies have developed in the literacy field that can be 
applied to subjects such as mathematics. Together these changes in the fields of 
literacy and mathematics mean that there is a never-ending need for research in this 
domain.  
This leads to the next section, which briefly describes DEST (2004a, 2004b) 
studies in different states in Australia that pointed to language and literacy being 
integral to the learning of mathematics. Thereafter, with reference to scholarly work 
and the curriculum, the discussion focuses on difficulties that literacy in mathematics 
causes in the instruction of mathematics, and strategies that can be used to scaffold 
learning of literacy in mathematics. Other than studies on teachers’ content 
knowledge (e.g., Livy & Vale, 2011; S. Norton, 2010, 2012; Ryan & McCrae, 2005; 
Zevenbergen, 2005) and limited studies that refer to teachers’ knowledge of literacy 
in mathematics (e.g., Boulet, 2007; Kotsopoulos, 2007; Raiker, 2002; Woodward & 
Pfannkuch, 2007), few studies that focus on teachers’ understanding of literacy in 
mathematics appear to have been carried out. One study that analysed preservice 
teachers’ knowledge of a small area of literacy in mathematics was MacGregor’s 
(2002) study, which revealed preservice teachers’ misuse of comparative 
mathematical language. Due to limited studies of preservice teachers, literature on 
studies in schools and on teachers’ knowledge has been analysed, based on the 
premise that some misconceptions about literacy in mathematics may be shared by 
teachers and children, and bearing in mind the importance of teachers building an 
understanding of specific difficulties that children experience. Pedagogies used both 
in school levels and in preservice education have been considered since pedagogies 
successfully used in schools can be modelled as potentially useful strategies for the 
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preservice teachers’ future use. Together, the scholarly work considered in the study 
aided construction of an understanding of literacy in mathematics and provided 
direction for the development of the content for the learning sessions. 
2.2.2 Department of Education, Science and Training (DEST) studies that 
highlighted the importance of literacy in mathematics 
Since 2000, DEST has carried out several research projects in different states 
of Australia with the purpose of building an understanding of factors impacting on 
successful primary mathematics instruction (e.g., DEST, 2004a; DEST, 2004b). Both 
the South Australian study (DEST 2004a) and the New South Wales project (DEST, 
2004b) made use of observations in schools that were selected because of their 
effective mathematics teaching practices. Both studies concluded that, amongst other 
factors, language and literacy were key factors in the effective instruction of 
mathematics.  
The DEST (2004a) study, which took place in four schools, concluded that 
“making explicit the literacy of mathematics” (DEST, 2004a, p. 21) was key to 
mathematics learning, and suggested that literacy could be integrated into 
mathematics teaching rather than being seen as additional content. The report went 
on to discuss methods of introducing mathematics terminology into lessons, but 
referred largely to words, not literacy in general. This, and less so the description of 
literacy in mathematics from ACARA (2015c), portrays a narrow view of literacy in 
mathematics, unlike the scope of the FRM (Freebody & Luke, 2003) and the 
contemporary broad meanings of literacy (Section 2.1.1).  
Another study DEST (2004b) of 45 schools identified language as a focus for 
learning (p. 46), which included learners being involved in written work, group 
work, “talk to scaffold learning” (DEST, 2004b, p. ix), careful use of teacher 
questioning, and “strong links between literacy and numeracy” (DEST, 2004b, p. ix). 
Some of the identified practices, such as a focus on the language of mathematics, 
were implemented in trialling schools in which numeracy achievement was seen to 
be at or below the New South Wales average. Focus on the language of mathematics 
and the use of practical resources were identified as the two factors common to the 
trialling schools that improved the most (DEST, 2004b, p. viii). Much professional 
development was needed to bring about the improvements in these schools. The 
school showing the greatest improvement was a school of about 280 Muslim 
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children, perhaps meaning that implementation of the program was easier in a 
smaller school than a larger school, and that an emphasis on language was especially 
important due to many children having a home language other than English. It was 
unclear whether other factors influenced the improvement at the trialling schools and 
more longitudinal data would have strengthened the results.  
Many studies have discussed or investigated language and literacy in 
mathematics (e.g., Kotsopoulos, 2007; Rubenstein, 2007). In order to provide the 
reader with an enhanced understanding of the complex field of literacy in mathematics, 
some of the important and/or recent literature about symbols, subject-specific 
vocabulary, mathematical visual images, the five communication modes, problem 
solving, and critical analysis in mathematics are considered next. Such literature was 
needed in terms of guiding preparation of a program of learning on literacy in 
mathematics. The literature is discussed according to the four dimensions of the FRM, 
with code breaking and meaning making combined because they are often inextricably 
linked as discussed in following examples. These two dimensions are discussed first 
with respect to symbols, words and phrases, and visual representations. 
2.2.3 Code breaking and meaning making: Symbols in mathematics  
The use of mathematical symbolism presents a way of recording and 
communicating mathematical ideas efficiently, and representing generalisations. 
Symbolic notation according to Heath (2010) “allows mathematical thinking to be 
read, written and discussed with greater ease” (p. 29). However, this applies only to 
those familiar with the symbolic systems, and relies on learners’ ability to bridge the 
gap between everyday language and the varied language and symbolism found in 
mathematics (Ilany & Margolin, 2010). For many learners the precise, compact, 
complex, and abstract symbolic systems in mathematics present potential challenges, 
opportunities to master their use occurring mainly in classrooms (Rubenstein & 
Thompson, 2001). This highlights the crucial role of mathematics teachers in terms 
of introducing learners to the symbolic language of mathematics. 
Many scholars have written about the code-breaking challenges posed by the 
great variety of symbols and abbreviations in mathematics (e.g., Radford & Puig, 
2007; Warren, 2007), the complexities of which are underemphasised in the 
Australian Curriculum. In Rubenstein and Thompson (2001), the authors categorised 
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the symbolic language of mathematics, discussed challenges it poses to learners, and 
suggested instructional strategies to enhance knowledge of the topic. Although an 
informative article, the authors overlooked certain categories of mathematical 
symbolism (e.g., Greek letters). Surprisingly, although a key part of mathematical 
communication, the ACARA (2015c) description of literacy in mathematics makes 
no specific mention of the symbolic systems in the subject (Section 2.2.1), an 
omission also evident in the ACARA document on literacy in mathematics 
(ACARA, 2013b) and in DEST (2004a). 
As portrayed by the FRM, knowledge of the underlying codes and conventions 
including the order, position, size, and layout and the related meanings of the 
symbols, is a key part of literacy in mathematics. Challenges posed by mathematical 
symbols and abbreviations and related meanings are discussed below. More 
empirical studies are needed to ascertain the frequency and nature of the difficulties, 
especially in the preservice sector, and the effectiveness of related teaching 
strategies. 
Accessing the conceptual meanings of symbols 
Relevant to teachers of mathematics is the complex link between the 
symbolism and the related meanings. More important than simply naming symbols, 
developing conceptual understanding of symbols is a key element of instruction that 
introduces formal mathematical notation to learners, an idea well illustrated in Heath 
(2010). Rubenstein and Thompson (2001) too stated that reading and writing 
symbols involves “accessing and using the conceptual meanings” (2001, p. 266). 
However, their article referred more to code-breaking fluency with symbolism than 
to meaning-making practices, or to developing understanding of the ideas 
represented by the symbols. 
Code-breaking fluency and meaning making of mathematical symbolism are 
intertwined corresponding to the code-breaker and meaning-maker practices in the 
FRM respectively (Freebody & Luke, 2003). Often the difficulties that occur when 
verbalising, reading, writing and comprehending symbolism occur simultaneously. 
Code breaking of the abbreviation m² includes consideration of the size and position 
of the two and the verbalising and spelling of square metre, whereas meaning 
making refers to the conceptual meaning of square metre, depending on 
understanding of the concepts metre and square. In the numbers: 6, 0.06, and 26, 
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code breaking includes consideration of the position, order, and size of the digits and 
the verbalisation of the terms. The meaning varies widely dependent on the codes 
and conventions, meaning making and code-breaking practices being used 
simultaneously when decoding the terms.  
Essential to using the codes and conventions in mathematics is an 
understanding of the impact that the syntactical features have on the meaning of the 
text. The codes and conventions of mathematics add complexity to the subject, being 
less flexible than in everyday English (Gough, 2007), increasing the lexical density 
of mathematical text, and giving fewer clues to help the learner access the text 
(Zevenbergen, 2001). Examples in algebra are discussed by Siemon et al. (2011), 
reinforcing Radford and Puig’s (2007) statement that “a great number of important 
difficulties encountered in the learning of elementary algebra are related to students’ 
understanding of the meaning of signs and syntax of the algebraic language” (p. 146). 
An example of the complexities of symbols and their related meanings is students’ 
challenges when using equal signs (Molina & Ambrose, 2006; Warren, 2007), the 
equal sign at times understood to portray the notion that an answer follows an equal 
sign. A further example is the use of sometimes invisible symbols. For example, 4¾ 
means 4 plus ¾, 43 means four tens plus three, and 4x means 4 multiplied by x 
(Siemon et al., 2011), the multiplication sign omitted because it can appear too 
similar to the variable x. Potentially affecting meaning making, symbols on a 
calculator screen may look different to written symbols, with all digits on some 
calculator screens in a straight line, and use of extra symbols such as ^ to represent to 
the power of (Van de Walle, Karp, & Bay-Williams, 2010). 
Transposing words into symbols and verbalising and reading symbols 
Solution of many mathematical problems relies on learners bridging the gap 
between natural language in word problems and mathematical symbolic language, a 
process that students may find difficult (Ilany & Margolin, 2010). Transposing words 
into symbols requires cautious use of symbolism, including order, position, and size 
of symbols (Schleppegrell, 2007), important knowledge for teachers of mathematics. 
This is especially important in the case of subscripts and superscripts and for similar 
symbols that have different meanings, such as the letter x representing a variable and 
the symbol for multiplication × (Gough, 2007). Unlike language, the positions of 
symbols are often crucial to the meaning (O’Halloran, 2005, e.g., xy and 𝑥𝑦). 
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Evidence of the challenges posed to learners in the process of transforming words 
into symbols, if the phrase the sum of the squares of two consecutive even numbers is 
twenty is transposed into symbols, the order, position, and size of the symbols require 
careful consideration. Minor changes in use of symbols can lead to significant 
changes in the meaning of the text (Quinnell & Carter, 2012). At times there are 
differences between the order of symbols and words used to express the symbols 
(Adams, 2003; Schleppegrell, 2007), which can cause reversal errors when words are 
converted into mathematical symbols. Another source of errors is that a specific 
word does not always translate to the same mathematical symbol (Zevenbergen, 
2001; Zevenbergen et al., 2004). For example, the Year 3, 2010 NAPLAN numeracy 
test utilised the word altogether in five questions (ACARA, 2010, pp. 6, 12, 14, 15), 
four of which did not imply the often accepted meaning of altogether as addition. 
The same symbol may be used to represent very different ideas, for instance the 
concept of take away and difference, or the concepts of grouping and sharing (Pirie 
(1998). Incorrect use of symbols such as those seen in Ilany and Margolin (2010) in 
the sheep and dog problem and the students and professors problem, results when use 
of symbolism is not accompanied by conceptual understanding. 
Teachers require an understanding of possible difficulties related to verbalising 
symbols (Rubenstein & Thompson, 2001), problems that usually link to the 
underlying codes and conventions. Symbols cannot be sounded like words, with 
several words at times needed to pronounce a symbol (e.g., ≥ is verbalised greater 
than or equal to; Quinnell & Carter, 2013, p. 11). They can often be verbalised in 
various ways; for instance, 5² − 7 may be verbalised as five squared minus seven, the 
difference between five squared and seven, and other possibilities. Mathematical text 
expressed in symbolism requires reading from left to right and right to left, multiple 
times to ascertain the meanings portrayed by the order, size, position, and layout of 
symbolism (Sierpinska, 1998). Unlike ideas expressed in words, the power of ideas 
expressed in mathematical symbolism is the brevity and unambiguity of the ideas 
presented (Pirie, 1998). Careful verbalising and reading of symbols is important as it 
can affect meaning making as discussed in the teaching and learning section below. 
Varying symbols or meaning of symbols  
Sometimes different symbols can be used to represent the same concept or 
similar symbols can have different meanings. For instance, parts of a whole can be 
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presented as fractions, decimals, percentages, or ratios (Lemke, 2003), or division 
(e.g., 5 ÷ 15), which can be depicted in different ways (Van de Walle et al., 2010). At 
times a symbol such as d represents a constant for instance, depth, whereas at other 
times it may represent a varying distance, taking on varying values at different times 
(Shanahan & Shanahan, 2008). Similar symbols have multiple meanings (e.g., 32° 
relating to an angle and 320 referring to a power, two vastly different meanings) 
which depend on different contexts (Rubenstein & Thompson, 2001). At times the 
meaning of symbols is different in everyday text, such as cricket data, compared to 
their use in the classroom (e.g., 2.4 overs), an example of the meaning of text being 
dependent on different social and cultural functions (Freebody & Luke, 2003). Some 
symbols and abbreviations vary from country to country (Adams, 2003), examples 
discussed in Quinnell and Carter (2013, p. 12). This is relevant for teachers who 
access text or teach children from countries other than Australia. 
Teaching and learning of the codes and conventions of mathematics 
Some teaching ideas have been advocated to aid students towards mastery of 
code-breaking and meaning-making practices relating to the symbolic language in 
mathematics. Unlike the introduction of other mathematical language, such ideas are 
not easily accessible from literacy teaching because of the limited use of 
mathematical symbolism in this subject area. The effectiveness of the strategies 
below in the teaching of mathematics requires empirical validation.  
Many educators advocate the introduction of symbolism in the later stages of 
learning once some degree of understanding about the concepts exists (e.g., Heath, 
2010; Van de Walle et al., 2010). This corresponds to Bruner’s (2006a, p. 69) stages 
of representation (enactive, iconic, and symbolic), which provides an indication of 
how symbols can be introduced. Initially the meaning of the symbolic language is 
introduced with reference to specific contexts, followed by representing the symbol 
in diagrams, then introducing the symbol. Perhaps linear progressions such as these 
are too simplistic and hierarchical. Although there appears to be some consensus 
about more use of concrete material in early stages of learning moving towards more 
use of visuals and eventuating in use of symbolism in later learning (e.g., 
O’Halloran, 2005; Siemon et al., 2011), it is likely that concrete manipulatives, 
diagrams, and verbal descriptions are useful tools in any stage of learning, with the 
verbal descriptions and visuals representations becoming more complex and 
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mathematically precise as the learning progresses. This is in accordance with Basson, 
Krantz, and Thornton (2006) who advised that concrete materials should be used to 
introduce concepts and extend them at different stages of learning. There is no reason 
to doubt that other representations such as visuals can also be useful at all stages of 
learning. The late introduction of symbolism, once understanding of concepts has 
been established, is seemingly appropriate considering their abstract nature and 
difficulties that they pose to learners (see aforementioned examples). As stressed by 
Boulet (2007) and aptly explained and exemplified by Heath (2010), the emphasis is 
on the understanding of the concept as a precursor to the introduction of the symbolic 
language and the formal words to describe the symbols. Bruner’s stages of 
representation allow for building of knowledge on prior knowledge and later moving 
towards construction of new ideas. For instance, the unit m² would first be linked 
directly to the actual space represented by one square metre before introduction of 
the symbolism. The movement towards increasingly abstract mathematics appears 
appropriate and is well illustrated by Siemon el al. (2011, p. 111) and Heath (2010), 
but the best pace of the movement may depend on individual learners’ needs.  
Reading is a bridge to meaning making; hence symbols need to be read 
carefully (Boulet, 2007; Commonwealth of Australia, 2008), bearing in mind that the 
rule of reading from left to right does not always apply to symbols (e.g., m² is read as 
square metre). Reading a decimal such as 0.3 as three tenths can aid understanding 
(Boulet, 2007), meaning that mistakes such as that seen in Ryan and McCrae (2005), 
in which some preservice teachers were unable to write nine hundred and twelve plus 
four hundredths as a decimal, are less likely. The symbol ≥ should be verbalised is 
greater than or equal to not is greater than and equal to (Quinnell & Carter, 2013, p. 
13), ¾ is three out of four equal parts (Commonwealth of Australia, 2008), and log 
3² is log of three squared not log of three-two or log of three to the half (Rubenstein 
& Thompson, 2001, p. 265). Concepts of division require careful verbalisation, Van 
de Walle et al. (2010) suggesting a possible alternative sequence of dialogue to 
replace the oft-used term goes into (p. 234). Constructive ideas for teachers of 
mathematics, careful verbalisation of mathematical symbolism can foster conceptual 
understanding, important in terms of developing meaning-making competencies.  
This is relevant in teaching, since without conceptual understanding learners 
may be required to follow repetitive procedures that rely on memorised formulas, with 
 36 Literacy in mathematics in preservice education 
possible consequences including difficulties with unfamiliar tasks and abstract 
mathematics (e.g., algebra; Hattikudur & Alibali, 2010; Heath, 2010). To aid 
understanding of the meaning of the equal sign, Heath (2010) and Van de Walle et al. 
(2010) advocated that the idea of balance or equivalence on either side of the equal 
sign needs to be presented. For instance, a series of well-illustrated teaching activities 
to scaffold understanding of the equal sign is presented by Van de Walle et al. (2010, 
pp. 258-261), reinforcing other educators’ views that the inclusion of atypical 
equations has the potential to advance understanding of the correct use of equal signs 
(e.g., 7 = 3 + 4; Powell, 2012). A combination of methods is possibly best used in 
teaching, since, as discussed by Sierpinska (1998), use of the scale method for teaching 
the concept of equivalence in equations has strengths and limitations, one limitation 
being the difficulty of representing negative numbers with concrete materials.  
In Hattikudur and Alibali’s (2010) study of 106 third- and fourth-grade 
students from six urban elementary schools in the USA, the researchers investigated 
the idea of enhancing understanding of the equal sign by comparing it to other 
relational symbols. Learners were divided into three groups: a control group, a group 
that had instruction on use of the equal sign, and a group that had instruction on a 
combination of equal signs and greater and less than signs. Overall the posttest 
scores of those in the third group showed the greatest enhancement of understanding 
of equal signs and greater and less than signs compared to the pretest score. This 
suggested the value of using comparisons in the instruction of relational concepts, an 
added benefit being that more content was covered by the third group.  
Notably not all learners in the third group benefitted from the instructional 
strategy used and overall the group did not benefit in the problem-solving section of 
the testing compared to the other groups. This could have been due to the short 
timespan of the instruction (30 minutes for pretest, instruction, and posttest). 
Problems such as 6 + 4 + 2 = _ + 2 may have appeared unnecessarily complex, the 
children not noting the two on either side of the equation, possibly resulting in them 
taking the easy option of adding the first three numbers and filling in a 12 for the 
answer. Also noted, the children may not have fully understood the reason for some 
of the activities such as sorting the symbolism into categories. The scoring in the 
testing was complex, based on decisions such as to award no marks to students who 
converted atypical equations to standard equations. Reliability of the data was 
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however checked by a second marker, strengthening the value of the findings. The 
long-term implications of the learning were unclear, important because deeply 
entrenched misconceptions are likely to take more than one short instruction session 
to rectify. Evident in Hattikudur and Alibali’s (2010) paper, learners’ difficulties 
with equal signs have been known for decades, yet efforts to improve the status quo 
have led to questionable success with rectifying the problem.  
However, a useful idea in the study is that of comparing concepts to promote 
learning, an idea that may enhance understanding of the symbolism used to represent 
fractions, decimals, and percentages or improper fractions, whole numbers, and 
proper fractions for instance. Extending the idea beyond symbolism, the idea may be 
useful in the teaching of concepts such as perimeters and areas. Comparing 
representations of numbers as fractions, decimals, and percentages for instance, can 
aid students to understand that different notation can be used to represent the same 
idea, and the reason why one representation is at times more appropriate than another 
(e.g., representation of one third as a fraction not a decimal). 
In another example of instruction to enhance understanding of symbolism, 
Heath (2010) described a series of possible learning to scaffold understanding of 
greater and less than signs (pp. 30 – 32), with the inclusion of visual representations. 
A strength of Heath’s approach is that it calls on teachers to think deeply about 
methods that can be used to enhance understanding of mathematical concepts, and 
reflect on success and possible improvements of the methods. This aligns with the 
importance of fostering understanding portrayed in the Australian Curriculum 
Mathematics (ACARA, 2015b). Elaborating on Rubenstein and Thompson’s (2001) 
statement about students needing time to distinguish other similar symbols that have 
different meanings, they also require exposure to varied relevant learning 
experiences. This is well illustrated in the learning experiences described by Heath 
(2010). Further empirical testing is needed of the ideas presented by Heath.  
Activities that, for instance, aid learners to make links between different 
communication modes and different representations have the potential to enhance the 
learning of symbols. Examples of learning experiences for scaffolding students’ 
verbalising and writing of symbols were proposed by Adams (2003) and Rubenstein 
and Thompson (2001). They include learners writing symbolic statements that apply 
to given diagrams or constructing charts of symbols with the associated words. 
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Importantly, such activities require a focus on conceptual understanding. For 
instance, learning experiences that include pairs of learners practising reading and 
writing symbolic statements may not be as effective for scaffolding understanding as 
those in which learners are required to draw examples and non-examples of 
statements such as   AB  XY . In another example with a focus on conceptual 
understanding, a place value mat and MAB blocks can be used to represent multi-
digit numbers, with the purpose of aiding understanding of the meaning of the 
numbers represented in symbolic form (e.g., Van de Walle et al., 2010, pp. 198-199). 
Other instructional activities focus on building links between different 
representations, such as the symbolic, visual, and written or oral language (e.g., four-
square model diagrams; see Section 2.2.4; Dunston & Tyminski, 2013), or symbol 
cards described by Bobis, Mulligan, and Lowrie (2013).  
Important for teachers and future teachers of mathematics is knowledge of the 
use of symbols and abbreviations and misunderstandings related to their use 
(Rubenstein & Thompson, 2001). An example of such a misunderstanding is the 
reversal of the numbers in a coordinate pair, evident in preservice teachers’ work in 
Ryan and McCrae (2005). Knowledge of potential difficulties puts teachers in a 
better position to scaffold learning related to the symbolic systems in mathematics, 
by emphasising possible misunderstandings in their teaching. Further, teachers 
require knowledge of pedagogies to aid learners with difficulties associated with the 
symbolic systems of mathematics (Rubenstein & Thompson, 2001), activities that, in 
accordance with the FRM, need to emphasise a broad range of literacy practices, not 
overlooking the importance of meaning-making practices. Text-using practices can 
also be introduced through activities that focus on the use of symbolism in sport, for 
instance (Rubenstein & Thompson, 2001). 
In a view expressed by Sierpinska (1998), the meanings of mathematical 
symbolism become evident to learners when they use and discover the purpose of the 
new language. They become clearer through the process in which the learners share 
the language with others resulting in it becoming part of their discourse. For this to 
occur, focus on the language and the underlying concepts is necessary in teaching 
and learning.  
As for symbols, if teachers are to develop learners’ knowledge of mathematical 
words and phrases, they require knowledge of related complexities, and of teaching 
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strategies that can be used to scaffold learning of this language. The complexities 
relating to mathematical words and phrases stem from, for instance, inclusion of 
terms that are rarely encountered or differently used in everyday English, and use of 
words for complex abstract concepts (Rubenstein, 2007). These are discussed in the 
next section.  
2.2.4 Code breaking and meaning making: Words and phrases in mathematics 
Mathematics learners require competencies to break the codes and make 
meaning of mathematical words and phrases. Mathematical language can be 
categorised into six groups (Table 2.2). The first two are the technical language of 
mathematics, and instruction words, which are directives that give an indication of 
what needs to be done (Latu, 2005, p. 486). The limited use of these words outside 
mathematics classrooms means that their meanings need to be learnt in mathematics 
classrooms (Commonwealth of Australia, 2008; Kotsopoulos, 2007), with possible 
scaffolding with reference to the roots of the words (Rubenstein, 2007). A third 
group, the lexical words (Raiker, 2002), is a category of words that have a different 
meaning in mathematics and everyday English (p. 52). The fourth and fifth 
categories include mathematical symbolism (already discussed) and visual images. 
Teachers may wrongly assume that learners have knowledge of the first five 
categories of mathematical language. The final category includes language used in 
everyday communication, everyday language (Schleppegrell, 2007, p. 140).  
Table 2.2 
Categories of Mathematical Language Including Examples (based on ACARA, 2015c; Adams, 2003; 
Dunston & Tyminski, 2013; Latu, 2005; Raiker, 2002; Schleppegrell, 2007) 
Technical 
language 
Instruction 
words Lexical words 
Mathematical 
symbolism 
Mathematical 
visual images 
Everyday 
language 
Academic 
terminology of 
mathematics; 
e.g., co-interior, 
denominator, 
divisor, integer, 
numerator, 
outlier, 
perpendicular, 
quotient, 
simultaneous 
equation, 
standard 
deviation 
Words which 
give 
instructions; 
e.g., add, bisect, 
calculate, 
compute, 
estimate, 
evaluate, 
factorise, 
multiply, 
simplify, solve, 
tabulate 
Words which 
have a different 
meaning from 
their use in 
everyday 
English; e.g., 
origin, 
remainder 
(Note: some 
directives such 
as expand are 
also lexical 
words) 
Such as 
numbers, 
symbols, 
measurement 
units; e.g., 6, 
0.07, <, +, ¾, π, 
m² 
Graphs, 
diagrams, maps, 
tables 
Everyday 
language used 
in 
communication 
in mathematics 
lessons 
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The challenges posed by the diverse range of mathematical language are 
discussed in the following sections by focusing on code breaking and meaning 
making of mathematics terminology and abstract mathematical concepts. 
Complexities of mathematics terminology 
The terminology in mathematics poses many challenges. They stem from the 
irregular pattern of words used to represent numbers and the inclusion of synonyms, 
for instance. These will not be discussed here; rather attention will focus on multiple 
meanings of mathematical words, the specific meanings of words such as and, or, 
and of, inappropriate use of mathematical terminology, and the abstract nature of 
many mathematical terms. Since teacher familiarity with such issues can aid the 
teaching of mathematics an understanding thereof was important for planning and 
presenting the learning sessions. 
Challenges are posed by mathematical words that have multiple meanings 
(Dunston & Tyminski, 2013; Latu, 2005), potentially impacting on meaning making. 
In mathematics the words scale, base, square, round, and range have multiple 
meanings. Difference can refer to the similarity or difference between objects, but 
can also refer to the operation subtraction (Boulet, 2007, pp. 9-10). Barton (2008) 
described how even amongst a group of mathematicians, understanding of a word 
such as open may vary (pp. 60-61). The examples point to the importance of 
developing on deep understanding of such words, understanding of which can be 
aided by challenging the learners to form links between different uses of the same 
word, use of prior knowledge being part of meaning making in the FRM. For 
instance, the similarities between the word cube as it is used in shape and in algebra 
can be used to scaffold understanding of the word (Rubenstein, 2007, pp. 204-205). 
As children enter a mathematics classroom, language usage changes (Gough, 
2007), comprising a combination of everyday language and language of the subject. 
Many words have different meanings in the mathematics classroom compared to 
their use in everyday language, including the nouns table, mean, factor, and key and 
the verbs cancel, expand, shade, and match (Kotsopoulos, 2007, pp. 301-302; Pierce 
& Fontaine, 2009, pp. 240-241). The difference in word meanings can vary from 
being very different in the English language and mathematics (e.g., origin, product; 
Schleppegrell, 2007) to being somewhat similar. Although it is unclear as to how 
common such words are in mathematics, Zevenbergen (2001) provided an 
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incomplete list of 36 examples, and Raiker’s study (2002) suggested that such lexical 
words may be fairly common. Sometimes students use lexical words inappropriately 
because they use everyday meanings of the words rather than the mathematics 
register (Kotsopoulos, 2007), suggesting that prior knowledge of non-mathematical 
meanings may impede making meaning in mathematics. In an example Zevenbergen 
(2001) described a student’s difficulty with making meaning of the word volume in 
mathematics, because of prior knowledge of the meaning relating to the volume 
control on a television (pp. 22-23). Rubenstein (2007) suggested that lexical 
ambiguity was the reason for students answering true to the statement, “All 
rectangles are similar”, as they were thinking of the everyday meaning of the word 
similar (p. 203), not the mathematical meaning. “One reason for numeracy being 
hindered may be that the language link is weak and a student is unable to link the 
new context for a word known within a differing context” (Queensland School 
Curriculum Council, 2001, p. 11). In order to be in a good position to scaffold 
students’ learning, teachers need an awareness of the potential difficulties with 
meaning making; and similarities and differences need to be made explicit to learners 
(Kotsopoulos, 2007).  
The meaning in mathematics text is often dependent on the order of words or 
on small words. Examples or words that often have precise meanings in mathematics 
(Fang & Schleppegrell, 2010, p. 590) are conjunctions if, when, and therefore and the 
words of and off (Zevenbergen et al., 2004, p. 38). Raiker’s study revealed the need 
for care when using prepositions: across, up, and down (pp. 51-52). In everyday 
English the words up and down do not necessarily indicate vertical movement, a 
meaning implied by a teacher in Raiker’s study. One teacher in the study confused 
the learners by using the word across to describe horizontal and diagonal movements. 
Use of the technical words vertical and horizontal may have been preferable. 
Notably, the word diagonal needs to be carefully used as it has a specialised meaning 
in mathematics, as compared to its everyday meanings (Ilany & Margolin, 2010). 
Although it is evident mathematics comprises many words that are used 
differently or more precisely than in everyday language, extensive searches have 
been unable to locate studies on the frequency of difficulties caused by such words, 
finding only articles that recount examples from mathematics classrooms of 
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confusion linked to the words. More empirical studies are needed about the breadth 
of challenges posed by such words. 
Inappropriate use of mathematical language 
Also impacting on meaning making, inappropriate or incorrect use of 
mathematical language by teachers, media, or other individuals may cause 
misunderstandings in mathematics. Zevenbergen (2000) gave an example of a 
teacher referring to the top number in a subtraction problem as the numerator and the 
bottom number as the denominator (pp. 46-47). Highlighting the importance of 
teachers having a thorough understanding of mathematical words, Peard (2008) 
suggested that teachers who use such incorrect mathematical terminology may pass 
their misconceptions on to the students. At times mathematical words are used 
differently in everyday communication. For instance, MacGregor (2002) gave 
examples of mathematically incorrect expressions used for the concepts more/less (p. 
85), and Stack et al. (2010) recounted statements referring to average Australian job 
hunters, shoppers, and wage earners in the media. In mathematics, average more 
often refers to a numerical mean or median, concepts that are introduced to students 
from Year 5 upwards in Australia. Stack et al. recounted examples of middle school 
students’ understandings of the word average, which included being OK, normal or 
the same as everyone else, being not good or bad, being half and half or being the 
same as most people (p. 8), descriptions that show everyday understandings of the 
concept. Average in mathematics refers to a number used to represent a data-set, 
referring to more than the everyday meanings or use of a formula (Watson & 
Fitzallen, 2010). Adding to the complexities, the word is ambiguous since it can refer 
to the mean, median, or mode, which are sometimes very different. Discussion of 
imprecise use of mathematical words could benefit mathematics learners.   
Mathematics comprises words that sound like other words (homophones), 
which need to be pronounced, written, explained, and used in different contexts by 
teachers who draw learners’ attention to possible confusion (Rubenstein, 2007). 
Zevenbergen (2001) recounted a student’s confusion with sine/sin and sign, which 
was solved by the teacher writing the word for the student (pp. 23-24) to clarify 
which word was being used. Zevenbergen et al. (2004) provided an example of a 
teacher stating that two halves make a whole while a student was trying to make 
meaning of two halves making a hole. Examples of other similar words include 
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sum/some, eight/ate (Adams, 2003, p. 790) and complement/compliment, 
intercept/intersect (Rubenstein, 2007, pp. 201, 205). Such words can also be the root 
of spelling difficulties, as can Latinate plurals of words such as rhombus/rhombi, and 
Australian and American spelling of words such as metre/meter.  
Abstract mathematical concepts 
Students of mathematics are often learning new mathematical words and 
symbols, and the abstract concepts and varied representations attached to the words. 
Abstract concepts can often be represented by various representations, symbols, and 
words. For instance, the number four can be represented in several ways (Gough, 
2007, p. 13) and concepts such as quotient and factor have no unambiguous and 
unique representation (Ewing Monroe & Orme, 2002, p. 140).  
Full understanding of abstract concepts develops over time and if understood in 
one context understanding cannot be assumed in another. In an example, learners’ 
developing understanding of the word parallel in different contexts is described by 
Renne (2004). In terms of meaning making, even deceptively simple concepts can be 
complex. For example, referring to the concept half, Perso (2005) stated: 
Even mathematical terms such as “half” have a common meaning outside the 
context of mathematics. The common meaning is about two pieces of 
relatively the same size, or even just two pieces. In mathematics the term 
“half” refers to a more exact notion; the concept being about two equal parts 
or shares. (p. 47) 
Although it may be unlikely that the word half is used to refer to just two parts, the 
above statement alludes to the complexity and precision of mathematics, meanings of 
words being “inextricably bound to students’ conceptual understanding” (Dunston & 
Tyminski, 2013, p. 40). As illustrated by Siemon et al. (2011), who discussed the 
difficulties children have with the concept, half in mathematics means two equal 
shares but not necessarily pieces of the same shape, and can refer to a half a pizza, a 
half cup of water, or a fraction of individual items, deep understanding of which 
cannot be supplied by a dictionary definition. Gradually, if represented in different 
ways and in varied contexts, learners develop an increasingly deep understanding of 
such concepts (Kotsopoulos, 2007). Without exposure to multiple contexts this may 
not occur. For example, Bobis et al. (2013, pp. 20-21) described a situation in which 
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a student believed that symmetry meant the fold on a paper because that was the only 
context familiar to them. 
Strategies for introducing mathematical terminology 
Since vocabulary is acknowledged as a key component of reading, 
understanding, and learning of mathematics (see Dunston & Tyminski, 2013; 
Martiniello, 2008), it is important to scaffold students’ learning of mathematical 
terminology. This is consistent with the identification of the importance of 
terminology in the Australian Curriculum Mathematics, in the many references to 
word knowledge, as part of literacy linked to different curriculum descriptors 
(ACARA, 2015b). Scaffolding students’ learning in this regard relies on teachers’ 
acknowledgement of the difficulties posed by key terminology, followed by a focus 
on this area of mathematics.  
With regard to pedagogies to enhance learning of literacy in mathematics, 
Friedland et al. (2011) did a database search (ERIC and Education Research 
Complete) of published articles on literacy teaching strategies in middle and senior 
mathematics. The search included all peer-reviewed journals between 1980 and 
2009, yielding only 63 articles of which six were empirical studies. The best articles 
were chosen based on good explanations, well-explained examples, and suitability 
for various levels of teaching or topic areas, resulting in 24 articles of which two 
were empirical studies. Reference to both of these articles is included in the literature 
review, although one was published in 1998 (see Borasi, Siegel, Fonzi, & Smith, 
1998; A. Norton, Rutledge, Hall, & Norton, 2009). The analysis by Friedland et al. 
provided a comprehensive annotated bibliography of potential literacy strategies, in 
their view suitable for multi-levels. Although the effectiveness of the strategies may 
not have been tested, they generally have their origins in language teaching and have 
been published in peer-reviewed journals for use in mathematics teaching. Notably, 
although the authors used literacy as one of their search words, they did not indicate 
that the word language had been used (p. 58). The researcher’s own searches have 
revealed little empirical work on strategies that can be used to enhance teaching of 
literacy in mathematics (e.g., Kotsopoulos, 2007), other than those presented in the 
analysis by Friedland et al.   
Strategies referred to in the articles selected by Friedland et al. (2011) are 
discussed here, including vocabulary introduction methods, such as use of definitions 
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and concept maps. The strategies frequently make use of visuals, some making links 
between different semiotic systems (e.g., Dunston & Tyminski, 2013). These 
complement the range of vocabulary introduction ideas that are categorised and 
discussed in an informative article by Rubenstein (2007), designed to address various 
challenges posed by mathematical language. Although Dunston and Tyminski 
(2013), Gay and White (2002), and Rubenstein (2007) were aimed at middle school 
levels, with minor modifications such as careful choice of subject words and 
categories, they are likely to be more widely applicable. Though there is a need for 
future research on the effectiveness of such methods, several ideas described by 
Friedland et al. were used in the learning sessions, both for scaffolding the 
participants’ literacy development and for introducing them to strategies that they 
could use in the classroom. 
Definitions have been recommended by educators for the introduction of 
mathematical vocabulary in many school levels (e.g., Boulet, 2007; Pierce & 
Fontaine, 2009; Shield, 2004), presenting difficulties and benefits. They often do not 
give enough information about the complexities of the meaning of a word (Ewing 
Monroe & Orme, 2002), and in the process of defining some concepts the richness of 
a concept is lost (Leung, 2005; Morgan, 2005). Defining many mathematical 
concepts completely requires complicated definitions that may rely on learners’ prior 
knowledge, or be above the level of the learner, or use other unfamiliar terms 
(Leung, 2005; Shield, 2004). Mathematical definitions are not necessarily unique 
(Boulet, 2007; Shield, 2004) and many mathematical concepts are impossible to 
define concisely and unambiguously, even relatively simple terms such as one 
dimension or square (Leung, 2005, pp. 128-130). As stated by a student, “there’s no 
such thing as a one dimensional shape coz a line is kind of like a rectangle filled in” 
(Leung, 2005, pp. 128-129). Often words can be used and understood without use of 
concise and unambiguous definitions (Leung, 2005). In many cases, methods other 
than vocabulary introduction through formal definitions may be preferable, methods 
that focus attention on development of deep conceptual understanding.  
At times informal approaches may suffice, the following examples being more 
in line with the group construction of meaning. Boulet’s (2007) discussion of the 
difficulties that teachers experienced whilst collaboratively creating a definition of 
polygon (pp. 1-2) suggested that such activities are beneficial, encouraging active 
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learning, communication, and thought. This augments Adams’ (2003) view that 
informal definitions, which are gradually perfected by providing students 
opportunities to focus on examples, are useful in mathematics, encouraging learners 
to utilise and apply mathematical vocabulary. Perhaps the process of group 
construction of a definition is more valuable than the definition itself. This 
corresponds to the idea of utilising user-friendly definitions and of including 
activities that make use of mathematical discourse to gradually enhance conceptual 
understanding (e.g., Dunston & Tyminski, 2013; Renne, 2004). In Renne’s (2004) 
study, the described activities reinforced concepts and gradually honed in on 
increasingly well-defined concepts. Similarly, the set steps proposed by Pierce and 
Fontaine (2009) for primary levels can be used for vocabulary introduction. They 
comprise use of user-friendly definitions followed by discussion of the different 
meanings of a word and finally activities that promote deep processing of the new 
terminology. “Language acquisition takes time and occurs from connecting words to 
experiences” (Burns, 2007, p. 374); students’ understanding of a word, including 
multiple meanings of a word, evolves in parallel with the understanding of the 
concept.  
Other educators too have advocated the introduction of vocabulary in multiple, 
meaningful learning experiences and varying contexts followed by focused teaching 
and use of definitions (Ewing Monroe & Orme, 2002; Shield, 2004). This follows the 
notion that new vocabulary is only useful once a concept is understood, indicating 
the logic of introducing concepts before definitions (Burns, 2007, p. 44). For 
example, as a step towards meaning making, children may be encouraged to explore 
and describe different trapeziums before the word parallel is introduced. In another 
example, the difference between volume and capacity may be illustrated more 
effectively with manipulatives or visuals than with definitions. A key idea in many 
vocabulary learning strategies is that learners need to use and explore the multiple 
meanings of mathematical vocabulary in order to become familiar with their use, 
since “knowing a word means knowing more than its core meaning” (Leung, 2005, 
p. 130). Advocated vocabulary learning strategies include use of examples, counter 
examples, varied representations, and reference to a variation of notation (Gough, 
2007). Recommended too for mathematics teaching in middle school levels are 
discussions of prefixes and, partly because of the number of mathematics words with 
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Latin and Greek origins, roots and origins of words including reference to English 
words with the same roots (Rubenstein, 2007). As a way of developing 
understanding, discussion may be used to form links between mathematical words 
and prior knowledge of technical English words from other disciplines, the key role 
of prior knowledge noted as part of meaning making in the FRM. For example, when 
discussing the word isosceles, reference to the meaning of iso- (equal) found in the 
words isobar and isotherm may be useful (Rubenstein, 2007, p. 204). There is no 
reason to doubt that such methods are also appropriate for more senior students. 
Some vocabulary instruction strategies previously used by reading teachers have 
been recommended in mathematics for middle and senior level students. The four-
square model (verbal and visual word association diagram) consists of a rectangle 
divided into four sections, the first giving the word, the second a definition, the third a 
diagram, and the fourth an association (Barton et al., 2002; Dunston & Tyminski, 
2013; Gay & White, 2002). This bears some similarities to other graphic organisers, 
which are slightly more complex and incorporate a definition, examples and non-
examples, and attributes or characteristics (Ewing Monroe & Orme, 2002). Such 
strategies help learners to structure information with reference to prior knowledge and 
encourage them to think about relationships (Dunston & Tyminski, 2013; Ewing 
Monroe & Orme, 2002). They aid understanding of the meaning of concepts and may 
expose student misconceptions to a teacher (Gay & White, 2002). Such methods can 
be adapted for students of different levels with careful thought given to the subject 
word and categories.  
Other examples of vocabulary introduction strategies include concept circles, 
word walls, semantic feature analysis, other graphic organisers, and concept maps 
which have been used in the space strand (Barton et al., 2002; Shield, 2004; 
Appendix B). Concept maps can be used in combination with written definitions to 
describe concepts (Shield, 2004). Useful too are mathematics handbooks and 
dictionaries such as The Origo Handbook (Anderson et al., 2008) and the online 
mathematics dictionary for children (Eather, 2011). Since understanding of language 
evolves, becoming more precise with use (Kotsopoulos, 2007), and since academic 
definitions can be unhelpful (Leung, 2005), Eather (2011) presents an option for 
introducing preservice teachers to mathematical language bearing in mind that such a 
resource needs to be viewed with a critical eye. This can be followed by use of more 
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comprehensive references such as The Origo Handbook (Anderson et al., 2008). 
Other strategies for introducing vocabulary and language include giving learners 
opportunities to read, write, and communicate in mathematics (Sections 2.2.6, 2.2.7, 
Appendix C). Such strategies that can be modelled for preservice teachers, strategies 
that they can mirror in their future teaching in order to aid learners to gradually move 
towards using increasingly formal mathematical language.    
Making meaning of some concepts can be difficult due to their similarity, and 
it is debatable whether they should be taught separately or simultaneously. Livy and 
Vale (2011) discussed confusion between ratio, proportion, and scale (p. 26). In 
other examples, educators (Gough, 2001, pp. 3-4; Gough, 2007, p. 15; Rubenstein, 
2007, p. 205) have drawn attention to teachers and learners’ challenges with the 
distinction between perimeter and area, volume and capacity, or radius and 
diameter. Rubenstein’s (2007) suggestion that these words should be taught 
separately is debatable. Rather in an idea similar to that used by Hattikudur and 
Alibali (2010) for the introduction of relational symbols, it is arguably better to 
introduce the concepts simultaneously so that they can be compared, with emphasis 
on the confusion that they sometimes cause. In the case of perimeter/area, 
simultaneous discussion of the terms means the fact that a given area does not imply 
a set perimeter, and vice versa, can be exposed. This can be extended to the concepts 
volume/surface area (Gough, 2001, p. 5). In these and other cases (e.g., 
capacity/volume), drawing learners’ attention to the difference in meaning has the 
potential to aid deeper understanding.  
The use of modifiers changes the meaning of mathematics concepts. 
Perpendicular bisector is a modification of meaning of bisector, and regular 
hexagon a modification of hexagon. Educators have drawn attention to learners’ 
difficulties with such terms (e.g., Martiniello, 2008; Schleppegrell, 2007), meaning 
that supporting learners’ understanding in such cases is important (Rubenstein, 2007) 
and can often be achieved with the use of diagrams or examples.  
Final words – Code breaking and meaning making: Symbols, words and 
phrases in mathematics  
Knowledge of the difficulties that mathematical symbols and words pose to 
learners is crucial for teachers, to enable them to scaffold literacy learning in the 
subject. Learners gradually develop an understanding of concepts by using and 
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exploring the meanings and multiple meanings of words and symbols in many 
circumstances, enabling them to move towards more precise use and understandings 
of vocabulary and abstract concepts (Kotsopoulos, 2007; Zazkis, Liljedahl, & 
Sinclair, 2009). Such opportunities need to be provided by teachers who have a clear 
understanding of the literacy demands of mathematics. In this study, instruction on 
mathematical words and symbols was scaffolded with focus on code breaking and 
meaning making practices outlined in the FRM.  
In addition to symbolic language and terminology, mathematics incorporates a 
diverse selection of visuals and representations such as diagrams, tables, and graphs, 
all of which are used to communicate mathematical ideas. Although some visuals are 
encountered in other subjects, the abundance of diverse visuals typifies the field of 
mathematics, placing unique literacy demands on learners. Issues relating to 
interpretation and generation of mathematical representations are discussed in the 
next section, together with instructional strategies to scaffold teaching and learning 
of varied representations.  
2.2.5 Code breaking and meaning making: Mathematical visual representations 
The term visual representation (or visual) refers to all visual images of 
mathematical ideas. Although traditionally proofs in the form of symbols were 
perceived to be more significant than mathematical visuals, the advent of computers 
has resulted in increased credence given to visuals (O’Halloran, 2005). New 
technologies offer sophisticated ways of representing mathematical relationships 
(e.g., Watson & Fitzallen, 2010), depicting vast quantities of data in interactive, 
multidimensional, and dynamic ways. The use of symbolism and mathematical 
visuals now complement each other, being crucial for the communication of 
mathematical ideas. Visuals bridge the gap between language and abstract 
representations of relationships with symbolism, aiding understanding by 
representing information efficiently (Schleppegrell, 2007).  
Visuals are now an important aspect of literacy in mathematics, other subjects, 
and everyday life (ACARA, 2015c; Wall & Benson, 2009). The important role of 
visuals is identified in the Australian Curriculum Mathematics, in the many 
references to visual knowledge, as part of literacy linked to different curriculum 
descriptors (ACARA, 2015b). This means that developing competence in the broad 
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range of practices described in the FRM with respect to diverse visuals is inherent to 
the teaching and learning of mathematics. In primary mathematics and science, 
varied visuals play a significant role (Lowrie & Diezmann, 2009). This is echoed in 
ACARA (2015c), which states that learners need to develop an understanding of how 
visuals, including graphs, calendars, and maps, contribute to meaning. In 
combination with language, a diverse range of still and moving visuals are present in 
most texts that learners encounter (Unsworth & Chan, 2009). Their purpose is to 
communicate information in enquiry processes, reading processes, and learning 
(Monteiro & Ainley, 2010), for presenting, organising, or analysing information. 
Examples are evident in communication, business, sport, and data analysis, in the 
form of banking documents, telephone accounts, newspapers, websites, and 
NAPLAN test results.  
Not only is there prolific use of visuals in contemporary society but the variety 
has increased, relying on expanded literacy practices (e.g., Watson & Fitzallen, 
2010). This is in accordance with O’Halloran who referred to the “evolving range of 
new genres of mathematical visual images” (2005, p. 133) including computer 
graphics; the grammars of the images are dependent on their functions and the 
technologies used in their creation. Graph-types such as stem-and-leaf plots and box 
plots were first included in the curriculum in Queensland in 2004 (Department of 
Education Queensland, 1987a, 1987b; QSA, 2004). The varied literacy demands of 
such graphs are evident in Woodward and Pfannkuch (2007) and described by the 
authors. In their study, a classroom discussion of box plots called for the use of 
vocabulary such as quartiles, spread, and interquartile range, and relied on 
interpretation of information in the box plot. It required the teacher and students to 
make use of reasoned arguments and inferences with reference to the context, 
bearing in mind that a degree of uncertainty is implied in statistical inferences. “In 
real investigations correct solutions do not occur, instead statisticians must present 
their best conclusion fully supported” (Woodward & Pfannkuch, 2007, p. 840). The 
authors referred to instances where the teacher in the study fell short, but failed to 
include examples to illustrate the situations. Notably, evident in the study, teachers 
may not possess the required code-breaking and meaning-making competencies to 
access information in such visuals, competencies that need development.  
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Inclusion of diverse visuals is also prevalent in mathematics testing, which has 
become increasingly common worldwide (Lowrie & Diezmann, 2009). Test design 
has moved towards questions that include increasingly varied and complex visuals 
(Lowrie & Diezmann, 2009). Examples of the frequency and diversity of visuals in 
testing are evident in the NAPLAN numeracy tests such as the 2010 tests (ACARA, 
2010), in which the large majority of questions incorporated visuals, especially at 
lower levels (Table 2.3). Interpreting visuals in word questions may pose challenges 
to students whose mastery of questions may depend on their comprehension of the 
graphical (or linguistic) elements rather than on their mathematical processing 
knowledge (Lowrie & Diezmann, 2009). The prolific use of visuals in testing means 
that teachers require the ability to compile, represent, analyse, and comprehend 
diversely presented data and the ability to facilitate learning of diverse visual 
representations (Lowrie & Diezmann, 2009). 
Table 2.3 
Visuals in 2010 NAPLAN Numeracy Tests (ACARA, 2010) 
Year level Year 3 Year 5 Year 7 Year 9 
Percentage of questions containing 
visuals 
89% 78% 67% 72% 
Note. Questions that contained boxes for text or answers were not included in these figures. 
Learners may be ill-prepared to meet the literacy demands of mathematical 
visuals. Although prevalent in everyday text, teaching, and testing, it is questionable 
whether there is enough emphasis on such representations in mathematics instruction 
(Lowrie & Diezmann, 2007). Comparing the Australian mathematics curriculum 
(ACARA, 2015b) with the USA standards, more emphasis is put on representations 
(including visuals) in the mathematics curriculum in the USA (National Council of 
Teachers of Mathematics [NCTM], 2011). In the USA one of the five process 
standards, called the Representation Standard, includes a focus on the creation, use, 
and selection of representations (NCTM, 2011). Referring to this standard Van de 
Walle et al. (2010) stated the importance of learners communicating mathematical 
ideas through the use of symbols, diagrams, graphs, and manipulatives. No 
equivalent strand is included amongst the proficiency strands in Australia (ACARA, 
2015b).  
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Categories of mathematical visuals 
Categories have been developed to facilitate understanding of the diversity of 
mathematical visuals. Some visuals have illustrative purposes only while others, 
called information graphics, provide relevant information (Lowrie & Diezmann, 
2009); an awareness of both is necessary for learners. Different information graphics 
such as tables, maps, graphs, and diagrams, which were divided into six categories 
by Mackinlay (1999), have distinct codes and conventions (Lowrie & Diezmann, 
2007). Visuals with one axis such as number lines, and those with two axes such as 
scatterplots and bar charts, were categorised into the single-position and apposed-
position categories respectively. The map category included maps and different 
views, and the connection category included networks, flowcharts and tree diagrams. 
The retinal-list category comprised visuals that made use of colour, shape, size, 
texture or orientation, for instance transformations, and the miscellaneous category 
comprised visuals such as Venn diagrams, pie charts, tables, and calendars 
(Mackinlay, 1999, pp. 74-75). Mackinlay’s grouping was designed for the 
information technology field, thus it did not specifically include geometric drawings 
from mathematics, for instance. Only stationary, 2D visual images were included, 
and the naming of the categories was complex. Subsequently, the groupings have 
been modified and simplified for use in mathematics. They include six categories: 
one dimensional (1D), two dimensional (2D), map, connection, shape, and picture 
(Carter, Hipwell, & Quinnell, 2012, p. 7), the first four corresponding to Mackinlay’s 
first four categories, with more practical names. The 2D category includes graphs 
with two axes and the shape category comprises varied mathematical visuals such as 
pie charts, Venn diagrams, geometric diagrams, 3D pictures, and transformations, for 
instance. The picture category comprises pictures and patterns. Such groupings give 
understanding to the diversity of mathematical visuals, illustrated by examples in 
Carter et al. (2012).  
Categories of mathematical visual images can be used to analyse the priority 
put on different visuals in teaching and testing, an understanding of which can be 
useful for teachers. Lowrie and Diezmann (2009) used Mackinlay’s (1999) 
categories to analyse two Year 3 and 5 national numeracy tests and found that 64 out 
of the total of 75 items contained graphics. Of these, 19 involved graphics included 
for illustrative purposes only. All of Mackinlay’s six graphical languages were 
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represented. Connected language was only found in 2 out of 75 items although tree 
diagrams are common in sport events, family trees, and probability trees. Apposed-
position items, including bar graphs, were found in 3 out of 75 items although they 
are commonly used in classrooms. Of the 75 items, 17 were miscellaneous and 13 
were retinal-lists including transformations. Although further data are needed to 
generalise these findings, the studies are an indication of the diverse range of visuals 
used in mathematics testing and the relative importance placed on each. 
Interpreting mathematical visual representations 
Use of visuals depends on the literacy practices required to comprehend and 
compose the visuals. Numerous studies have pointed to primary learners’ difficulties 
with interpreting mathematical visuals. Two similar empirical studies analysed the 
performance of a total of 389 Grade 4 children on questions from Mackinlay’s six 
graphical categories (Lowrie & Diezmann, 2005, 2007), leading to similar results. 
The studies revealed that learners found interpretation of visuals in the apposed-
position, connection, and retinal-list categories most challenging, with good results in 
the map category, examples of which are found in other subjects. Notably, the 
participants in the studies attended schools in one Australian city, and the results 
relied on the classification of difficulty of the questions. However, they suggested 
that teachers be cognisant that students require support with interpreting visuals, 
especially in categories that are commonly used and that pose the most challenges to 
learners. Lowrie and Diezmann’s (2009) study investigated 40 Year 6 Australian 
learners’ abilities to interpret mathematical visuals. The study identified factors that 
may affect learners’ understanding of visuals, such as small changes to the graphic or 
non-graphic elements of questions, inclusion or exclusion of graphics or text, use of 
bold print or shading, and inclusion of small dots on a graph. The included examples 
revealed that learners’ abilities to make meaning of visual can be fickle, depending 
on such factors. Difficulties with interpreting visuals can be attributed to their 
diversity and the variety of included perceptual elements, such as shape, colour, 
connection, angle, and position (Lowrie & Diezmann, 2009). As illustrated, 
interpretation of multiple sources of information such as text, colour, and legend can 
be required in one problem. The importance of careful design and use of visuals by 
teachers who require a clear understanding of the challenges that they pose to 
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learners is implied by the study. More studies are needed to enhance understanding 
of the factors that detract from students’ understanding of visuals. 
Generating mathematical visual representations 
In addition to interpretation, the ability to generate mathematical visuals is 
important in school and in everyday life, meaning that such literacy competencies are 
important for teachers and learners of mathematics. Construction of visual 
representations can assist learners to interpret and use such images, aid meaning 
making and problem solving, and expose understandings (e.g., Diezmann, 2000; 
Meaney & Flett, 2006; Ruchti & Bennett, 2013). The importance of visuals in 
problem solving is further discussed in Section 2.2.7.  
Accurate depiction of data is crucial. In terms of generating visuals, Mackinlay 
(1999) stressed the importance of representing all data but only the given data, to 
ensure a complete and unbiased representation. Although valid, these criteria fail to 
reveal the range of factors that contribute to misleading representations (see Section 
2.2.8). For instance, inclusion of comprehensive captions on visuals helps to clarify 
(and influence) interpretation of the visuals and reinforces the information presented 
(Avgerinou & Petterson, 2011).  
Depending on code-breaking and meaning-making practices and also evidence 
of the inextricable link between literacy practices and conceptual understanding, the 
process of generating visuals is complex. Generating visuals includes an appropriate 
choice of visual-type and sorting and compression of data to make comparisons and 
associations. In an informative article by Chick (2004), factors relating to the 
effective representation of data were noted through discussion of an activity in which 
Year 7 students investigated lists of data for multiple variables. This led them to 
make meaning of the data, answer questions, and identify trends. Factors such as 
sorting and compression of data were well illustrated in student work samples, 
although the exact nature of the activity was incompletely described. The study 
revealed that the 70 Year 7 students made limited use of grouping and sorting of data 
in their representations, except in scatterplots that inherently sort the data. Chick 
suggested that teachers take sorting for granted, a statement which needs further 
investigation. Perhaps teachers themselves make limited use of grouping and sorting. 
Use of examples such as those in Chick (2004) has the potential to expand teachers’ 
and learners’ knowledge of the complexities of representing data.  
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Knowledge of common graph-types from the field of science 
The field of science offers insight into student understanding of graphical visual 
images. An empirical study by Baker, Corbett, and Koedinger (2001) tested 52 eighth- 
and ninth-grade students’ knowledge of three common graph-types: histograms, 
scatterplots, and stem-and-leaf plots, in terms of interpreting and generating graphs, 
and matching data with appropriate graph-types. Although generating graphs relies on 
choice of an appropriate graph-type, relying on the ability to match data with graph-
types, the teachers incorrectly assumed that the students would experience problems 
with matching, but not with generating and interpreting graphs. The study revealed that 
the students were weaker at generating graphs and matching data with graph-types 
than at interpreting graphs. The results of this study are especially of concern when one 
realises that standard testing such as NAPLAN (e.g., ACARA, 2013a) relies largely on 
interpretation of graphics, which according to Baker et al. is the skill in which the 
students display the most competence. Perhaps unexpected in the study by Baker et al. 
was the fact that although students had most difficulty interpreting stem-and-leaf plots, 
this was the only graph-type of the three types that any students (only 20%) had 
success generating. By separating the knowledge of visuals into interpreting and 
generating graphs and matching data with appropriate graph-types, the study by Baker 
et al. presented specific difficulties experienced by learners in each, difficulties that 
related to different sets of literacy practices.  
Matching mathematical visual representations and data 
Studies other than that by Baker et al. (2001) have pointed to the challenges 
learners face when matching data with appropriate representations. Diezmann’s 
(2005) study revealed that Year 3 and 5 students had difficulties selecting and 
justifying their choice of the correct connection language diagram (out of matrix, 
network, and hierarchy) to depict specific data; and in a study by Novick, Hurley, 
and Francis (1999), college students experienced challenges while matching spatial 
diagrams with information. Novick et al. suggested that this may be a neglected area 
in teaching. Difficulties possibly stem from the teaching of individual visuals over a 
period of years (e.g., ACARA, 2015a) without linking and comparing methods, and 
without drawing on prior knowledge, a key to learning according to SC ideas (see 
Section 3.2). In order to maintain the meaning of data, selecting an appropriate 
graph-type is a necessary step when representing data (see Section 2.2.8). Hence 
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students’ difficulties with matching data with an appropriate representation may 
affect their ability to represent data in the form of graphs.  
Student challenges related to different graph-types 
Each graph-type has highly specialised literacy requirements, including 
“unique signs, symbols and characteristics” (Lowrie & Diezmann, 2009, p. 147), 
potentially the root of a range of student difficulties. Since different visuals have 
strengths and limitations (Whitin & Whitin, 2008), restricting or enhancing the 
communication of mathematical ideas, teachers require knowledge of a range of 
visuals and the difficulties that they pose to learners. Studies have shown that 
learners sometimes wrongly use bar graphs to represent data for which they are 
inappropriate (Baker et al., 2001). When interpreting such graphs, learners 
sometimes confuse bar graphs that represent an attribute such as a height with 
frequency graphs (Wall & Benson, 2009). In box plots the concept of distribution 
presents challenges (Woodward & Pfannkuch, 2007). This may stem from the fact 
that, unlike many other graph-types in which area indicates frequency, 25% of the 
data lie within each quarter of a box plot, regardless of the size of the parts. The 
invisibility of the data values in box plots and histograms may also explain 
difficulties with these graph-types. Line graphs pose challenges because they rely on 
an understanding of the relationship between two variables (Friel, Curcio, & Bright, 
2001). Also confusing, sometimes different representations can be used for the same 
data, but this does make possible links to earlier learning. Evident in graph-types 
such as pie charts and stem-and-leaf plots, unlike conventional text written in a line 
and read from left to right, text in graphs and visuals often does not follow such 
conventions (Barton et al., 2002). Further, students may have difficulties negotiating 
the link between words, symbolic notation, and other representations (Lemke, 2003), 
in questions that contain a combination of such elements (e.g., Figure 5.6, question 
1a). Mathematics instruction would benefit from teachers increasing their knowledge 
of the similarities, differences, and challenges posed by different visuals. Perhaps 
difficulties would be minimised if cognisance was taken of commonly occurring 
challenges. Notably, not all errors relate to the literacy demands of the visuals. The 
abovementioned processes rely on deep conceptual understanding, which is 
seemingly inextricably linked to the literacy demands of the representations. 
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Interpreting and generating scales 
Interpreting and generating scales, which are commonly encountered in 
mathematical text, relies on code breaking and meaning making practices in addition 
to conceptual understanding. Scales are found in 1D, 2D and often in map language 
categories of visual representations (Carter et al., 2012) and are common in society in 
applications that make use of the axis language (e.g., thermometers, clocks). 
Educators have pointed to school-aged learners challenges with scales (e.g., 
Diezmann & Lowrie, 2006; Friel et al., 2001), suggesting that teachers cannot 
assume that learners are competent with their use. Errors occur when students fail to 
take the accuracy of the space between the numbers into account, an issue that needs 
to be made clear to learners (Diezmann & Lowrie, 2006). Choosing an appropriate 
scale and understanding that different scales can cause major changes to the shape of 
a graph can be challenging to learners (Friel et al., 2001). As for graphs, knowledge 
of both interpretation and generation of scales is crucial.  
Strategies for interpreting and generating mathematical visuals 
Mathematics visuals vary widely; consequently, comprehensive strategies to 
aid interpretation and generation of visuals appear difficult to find. However, a 
strategy described or utilised by numerous educators at different levels (e.g., 
Monteiro & Ainley, 2003a, 2003b; Watson & Fitzallen, 2010) includes three steps in 
the interpretation of graphs: reading information directly from the graph; reading 
between the data by comparing data points or investigating relationships in the data 
(Monteiro & Ainley, 2003b); and reading beyond the data, which can include 
predictions and inferences (Watson & Fitzallen, 2010). Together with linking the 
contents of the graph to prior knowledge and previewing the graph (including the 
title, axis labels, scales and legend), these steps facilitate deep meaning making. The 
interpretation steps (Figure 2.1) rely on literacy practices from the FRM. For 
instance, reading beyond the data includes drawing inferences, part of meaning 
making in the FRM, and critical analysis of the misleading elements in a graph 
(Watson & Fitzallen, 2010; see Section 2.2.8). In order to encourage learners to focus 
on the meaning of a graph and develop abilities to read between and beyond the data, 
Ontario Ministry of Education (n.d.) suggested using graphs with no scales and units 
on the axes. This may be a useful first step, but needs to be followed by fully detailed 
graphs to avoid losing track of deeper mathematical interpretation of data.  
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Figure 2.1. Importance of and steps for matching, generating and interpreting visual representations in 
mathematics classrooms and everyday text. 
Based on Carter, Hipwell, and Quinnell (2012), Watson and Fitzallen (2010), Mackinlay (1999), 
Monteiro and Ainley (2007). 
 
In addition to interpreting graphs, practice with constructing (generating) 
graphs is necessary, starting with matching data-sets with appropriate 
representations. The three steps for generating representations (Figure 2.1) are 
guided by Mackinlay (1999), and give some direction to the complex process of 
generating graphs. The selection of an appropriate graph-type is arguably a complex 
step in the process. The choice of representation relies on understanding of key 
concepts such as qualitative, quantitative, discrete and continuous data, and one and 
two variables, and on a broad range of knowledge of varied graph-types, as well as 
the ability to analyse representations critically to ascertain underlying bias. Without 
stifling creativity when depicting the stories in data, children need to be aided to 
gradually construct such knowledge, with justification of choice of graph-type 
stressed in the Australian mathematics curriculum as early as Year 5. Further, 
generating representations depends on abilities to sort, group, and compress data 
(Chick, 2004). Overall, students require varied exposure and practice in order to 
become versatile with both interpreting and generating vastly varied visuals (Lemke, 
2003), such as those encountered in school and in technological applications. 
Carter et al. (2012) proposed some strategies to help with the interpretation of 
mathematical visual images, mostly strategies previously used in language 
Six categories of 
representation 
(Carter, Hipwell & 
Quinnell, 2012)
Matching
Representing/generating 
(aids understanding and 
problem solving, exposes 
misunderstanding, aids 
interpreting/decoding)
Interpreting/decoding -
interpretation of texts 
within and without 
mathematics classrooms 
(aids understanding, 
exposes 
misunderstanding)
- Represent all the information
- Represent only the given 
information
- Be aware of factors which 
may lead to misleading 
messages being given
- Preview the text
- Read the information
- Read between the information
- Read beyond the information 
(including critical analysis)
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classrooms. They included drawing on prior knowledge of familiar visuals to aid 
understanding of unfamiliar visuals, reference to prior knowledge being an element 
of meaning making in the FRM (Freebody & Luke, 2003). Focus was placed on 
gaining an understanding of the key ideas by skimming then moving on to scanning 
and close reading to break the codes of the labels, scales, and keys. Attention was 
given to deciding whether directionality in reading a visual was important and 
whether information in a visual needed to be understood in combination with 
information in prose for instance, elements of code-breaking and related meaning-
making practices. Finally, critical-analysis practices were addressed, with emphasis 
placed on the analysis of visual images to identify misleading elements. These 
strategies were further expanded by Quinnell (2014b), who drew up a list, based on 
the FRM, to aid interpretation (and generation) of mathematical visual images. The 
resultant heuristic was used in the current study (Appendix D, second heuristic). 
Overall it appears that more studies are needed about comprehensive strategies to aid 
generation and interpretation of mathematical visuals. 
Everyday text is a useful resource for interpretation and generation of 
mathematical visuals (Lemke, 2003), a view reflected in the Australian Curriculum 
Mathematics (ACARA, 2015c), but a practice that requires cautious implementation. 
Evident in Wall and Benson (2009), Watson and Fitzallen (2010), and NIE (2009), 
visuals from media can be used to introduce students to meaningful and engaging 
contexts and provide opportunities to analyse real-life situations. The importance of 
everyday text was reinforced by Monteiro and Ainley (2003a, 2003b), who suggested 
that students in the early years should be exposed to practical and real contexts, 
enabling them to make connections to natural language and visual representations. 
This can be achieved by getting students to collect data, which they can then 
represent on graphs, or to find graphs in the media that they can discuss and interpret 
in class and debate over whether the information can be represented differently (Wall 
& Benson, 2009). Effective use of such resources means that students are being 
prepared to interpret text in life situations, the functional use of text being a key 
ingredient of text using practices in the FRM. However affecting meaning making, 
prior experience of the context which may be linked to readers’ cultural backgrounds 
(Avgerinou & Petterson, 2011), plays a crucial role in comprehension. Cautious 
choice of visuals is necessary to facilitate a focus on particular skills, and minimise 
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problems caused by the contexts that underpin the visuals (Monteiro & Ainley, 
2003b). And unlike observations by Watson and Callingham (2003) that 
interpretation of such visuals in school classrooms often focuses only on processes 
and skills, focus is also needed on the contexts and the deep underlying meanings of 
the data. 
Final words – Code breaking and meaning making: Mathematical visual 
representations 
Supported by the aforementioned studies that identified student difficulties 
with mathematical visuals, there is a need for focused teaching of such visuals in 
both preservice teacher education and in schools. According to Friel et al. (2001), 
“making sense of graphs appears more complex than once thought” (p. 151), and 
teachers often lack confidence with the teaching of the content, which involves 
reading and interpreting, and creating graphs. Bearing in mind the increased focus on 
statistics, including graphing, in primary and middle school curricula, teachers need 
to assist students’ learning by increasing “their knowledge of graphs and of how to 
teach graphs” (Friel et al., 2001, p. 153). In particular, teachers require an 
understanding of difficulties that students experience with mathematical visuals. 
“Knowing students’ errors and difficulties in generating diagrams is an important 
component of effective instruction in diagram generation” (Diezmann, 2000, p. 6). In 
school and in everyday texts, students will encounter unfamiliar visuals, an important 
element of literacy, which they will need to interpret, a process aided by teachers 
who require knowledge of such visuals and of the best ways to facilitate learning 
thereof.  
Guided by the FRM, discussion in Sections 2.2.3 to 2.2.5 focused on code-
breaking and meaning-making practices relating to mathematical symbols, 
terminology, and representations. Relevant to this study, an overview of these 
practices is included in Chapter 3 (Figure 3.1). This leads to a discussion of the third 
element of the FRM, text using in mathematics.  
2.2.6 Text using: The five communication modes 
Acknowledgement of the importance of communication in mathematics 
teaching is evident in curricula in the USA and Australia. The NCTM process 
standards (NCTM, 2011) dedicates one out of five process standards to 
communication. NCTM (2011) refers to the importance of communication for the 
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consolidation of mathematical thinking, and the importance of learners acquiring 
skills to express mathematical ideas precisely in order to communicate them to 
others. The Australian Curriculum includes literacy as a general capability, drawing 
attention to its importance in all curriculum areas (ACARA, 2015c), and states the 
importance of children learning to communicate mathematics ideas effectively 
(ACARA, 2015b).  
Communication of mathematical ideas relies on the integrated use of the five 
communication modes – speaking, listening, reading, viewing, and writing. A 
combination of these modes is recommended for use in mathematics education 
(Commonwealth of Australia, 2008) and stated as important in the curriculum 
(ACARA, 2015c). Together with a focus on the four families of practices from the 
FRM, use of five communication modes in mathematics instruction contributes to 
effective communication of mathematical ideas in the classroom, in testing, and in 
everyday situations. Text-using practices, including discussion of the communication 
modes, use of everyday text, and use of different text-types such as graphs, tables 
and visuals are the focus of this section and Section 2.2.7.  
Speaking and listening in mathematics  
Speaking and listening play an important role in the learning of mathematics, a 
view that resonates with Vygotskian theories (see Section 3.2). A link between the 
use of carefully planned and executed dialogue, and improved communication and 
learning has been suggested by numerous studies (e.g., Ferguson & McDonough, 
2010; Mercer & Sams, 2006). Mercer and Sams proposed that the keys were well-
executed group work and constructive classroom dialogue that engages learners and 
encourages thinking. These views are similar to those in Renne (2004), in which the 
author noted the importance of extended dialogue, learners encouraged to justify 
their thinking. In a study by P. White, Mitchelmore, Wilson, and Faragher (2009) of 
five Year 6 classes in three primary schools, the teachers and students commented on 
the value of extended dialogue to learning and engagement, although elaboration of 
the actual results was not included. Other educators have advocated speaking for 
learning in mathematics and suggested that the discussion of concepts helps learners 
to refine their use of formal mathematical language, and helps to deepen learners’ 
understanding (e.g., Barton, 2008; DEST, 2004b; Gough, 2007; Kotsopoulos, 2007; 
Schleppegrell, 2007). “Only through communicating back and forth can the need for 
 62 Literacy in mathematics in preservice education 
precision of meaning become evident; and it is only by passing ideas through chains 
of communication that the need for reproducibility is experienced” (Barton, 2008, p. 
152). By referring to Vygotskian ideas, MacGregor (2002) elaborated further on the 
importance of students being able to articulate concepts. She contended that students 
who could not verbalise a concept did not have a well-developed understanding of 
the concept, an idea that requires further empirical testing. 
Oral communication in mathematics classrooms aids the refinement of 
language use by learners and helps teachers to monitor learners’ progress. Language 
becomes more precise with use (Kotsopoulos, 2007), as illustrated in an example in 
Barton (2008) in which children’s understanding of the term prime number 
developed through dialogue. Conversations that help to build vocabulary also help 
teachers to monitor learners’ understanding, progress, confidence, and attitudes 
(Commonwealth of Australia, 2008; Kotsopoulos, 2007; Renne, 2004). Evident in 
Barton (2008), Raiker (2002), and Zazkis et al. (2009) are instances of teachers being 
exposed to learners’ misunderstandings during classroom dialogue. Revealing 
different thought processes, Barton described surprising differences amongst 
children’s understandings of adding fractions. In the given example, one quarter and 
three eighths was processed in four different but correct ways giving four different 
answers. The learners were thinking of representing test scores, finding averages, 
finding probabilities, and adding fractions. Barton’s and Raiker’s studies exposed the 
importance of teachers developing well-tuned listening skills, and Zazkis et al. 
provided well-articulated examples of how careful listening and responding by a 
teacher can lead to use of more precise mathematical discourse and concept 
development. 
Teacher talk is important in mathematics instruction. Learners’ construction of 
knowledge is based largely upon teacher talk (Raiker, 2002), which introduces 
learners to technical mathematical language, and provides the link between the 
contents of often lexically dense textbooks and learner understanding (Schleppegrell, 
2007). Teacher mediation is important in aiding learners to refine their mathematical 
communication (Schleppegrell, 2007), and complete higher order tasks including 
analysing, justifying, and inferring, elements evident in the Australian Curriculum 
Mathematics (ACARA, 2015b). The quality of the teacher talk is crucial as evident 
in Raiker’s (2002) study, which illustrated how learners’ difficulties with the concept 
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coordinate were compounded by a teacher’s casual introduction of coordinates as 
“sets of numbers that give me a square” (Raiker, 2002, p. 51). Difficulties can be 
compounded by teachers’ unnecessary use of bridging language in an effort to 
simplify language (Herbel-Eisenmann, 2002; Raiker, 2002), bridging language being 
less formal language for expressing mathematical ideas than technical mathematical 
language. Identification of the degree of precision of language in mathematics 
lessons can be difficult, as use of precise language can sometimes conflict with its 
use in everyday English (e.g., Boulet, 2007) and overuse of unfamiliar words can 
aggravate learners’ difficulties (Kotsopoulos, 2007).  
Talk between peers is also important. It provides an opportunity for learners to 
gain confidence using new mathematical words, with peer support and social 
interaction complementing learning (Luke, 1998; Ryve, 2004). However, although 
there is consensus that mathematics should partly be learnt through group 
collaboration, research has indicated challenges in this regard. They include learners’ 
difficulties with technical mathematical language (Raiker, 2002), difficulties with 
expressing ideas and understanding each other (Kotsopoulos, 2007; MacGregor, 
2002; Ryve, 2004), and inclinations to talk about procedures and processes not about 
evaluations and justifications (Huang, Normandia, & Greer, 2005). Both teacher talk 
and group discussion are important but need to be cautiously implemented, bearing 
in mind the difficulties posed by each. 
Kotsopoulos’ (2007) and Raiker’s (2002) studies added insight on the use of 
oral language in the classroom. During Kotsopoulos’ (2007) study, 300 minutes of 
mathematics teaching was viewed, in which time a teacher made use of 60 words 
from the mathematics register. The teacher “spoke primarily in the mathematical 
register, even when introducing new concepts” (p. 302), using words such as 
polynomial, algebra, and exponent 1500 times with little elaboration (Kotsopoulos, 
2007, pp. 302-303), although it was later shown that the students had scant 
knowledge of some of the words. The teacher dominated the classroom talk for about 
80% of the time, a figure that is similar to figures quoted in previous studies of 
mathematics (Kotsopoulos, 2007). Strengthening these results, which were based on 
the viewing of a single teacher, Kotsopoulos later taped some of her own teaching 
and was surprised to discover her wide use of the mathematical register and her 
dominance in the classroom discourse. Thus, even a teacher’s increased awareness of 
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the challenges posed by the literacy demands of mathematics may not improve the 
status quo of difficulties associated with language use in mathematics classrooms. 
Kotsopoulos’ (2007) and Raiker’s (2002) studies revealed that even if teachers 
acknowledged the importance of language in mathematics, haphazard, incorrect, and 
ill-planned use of language could impact negatively on student understanding. 
Reasons include teachers’ difficulties with the language (e.g., Raiker, 2002) or their 
limited knowledge of strategies to enable them to introduce the necessary language 
effectively. The studies highlighted the need for teachers to take cognisance of the 
difficulties posed by classroom discourse and to develop knowledge of strategies to 
enable them to introduce oral language effectively into mathematics lessons. Further, 
they illustrated the importance of tasks that use and assess learner knowledge of 
mathematical language, a first step to scaffolding their knowledge of such language 
and its links to everyday words (Adams, 2003; Schleppegrell, 2007). Pertinent 
advice, for instance for the teachers in Raiker’s study, was Kotsopoulos’ suggestion 
that teachers should audio record their lessons and critically reflect on the language 
use in the classroom.  
Reading and viewing in mathematics 
The ability to read text with mathematical content is necessary within and 
without the classroom, pointing to the key role of a focus on reading in a study on 
literacy in mathematics. Reading plays a crucial role in classroom activities and 
assessments (Bossé & Faulconer, 2008), and in independent learning (V. A. Jacobs, 
2008). In an example, the successful completion of assessment such as NAPLAN 
questions in mathematics is dependent on reading, with a large majority of questions 
embedded in language, including varied visual images (e.g., ACARA, 2013a). The 
ability to read in mathematics has been linked to the deep learning of the subject 
(Bossé & Faulconer, 2008) and research has linked limited reading ability with lack 
of mathematics achievement (Commonwealth of Australia, 2008; Vilenius-
Tuohimaa, Aunola, & Nurmi, 2008). Further, studies have shown that scaffolding of 
reading in early years may not aid adolescents, since the reading requirements in 
later years in different subject areas is very different from that encountered in lower 
levels (Shanahan & Shanahan, 2008). To enable learners to gain access to diverse 
genres, they require scaffolding of the specialised language requirements in different 
subject classrooms and different levels. 
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Literacy educators Shanahan and Shanahan (2008) carried out a study in the 
USA in which they, with the help of subject specialists (university professors, 
teacher educators, subject teachers, and literacy experts), identified the literacy 
demands of different subject areas. This was followed by the identification of literacy 
strategies that could be used for instruction of adolescent reading in the different 
discipline domains. Shanahan and Shanahan identified three different classes of 
reading demands in mathematics, chemistry, and history instruction. Surprisingly, the 
authors made no mention of the inclusion of different representations in 
mathematics, or the need to critically analyse mathematical text (see Section 2.2.8), 
although they identified these as necessary literacy practices in chemistry and history 
respectively. By involving only theoretical not applied mathematics specialists, they 
overlooked a large portion of school mathematics curricula, including the field of 
statistics, an indication of the different literacy requirements of different fields of 
mathematics. Key ideas identified by the mathematics theorists were the importance 
of accurate definitions and cautious reading of mathematics text with the aim to 
uncover truth in errorless proofs, a far cry from the interpretation, analysis, and 
predictions made from statistical text. Statistical text is taken to represent an 
interpretation of the truth, judged for its credibility by assessing the included biases, 
both the author and reader having individual biases and positions. Although a 
comprehensive study, Shanahan and Shanahan (2008) was weakened by the selection 
of the experts chosen to represent the field of mathematics. 
Mathematics text is diverse and complex, requiring specialised reading skills 
(Bossé & Faulconer, 2008; Shanahan & Shanahan, 2008), mastery of which is a 
foundation of mathematics learning. Unlike much other text, mathematics text is 
sometimes read from right to left, top to bottom, or diagonally (Adams, 2003; Boulet, 
2007) and readers may need to move around the page and integrate meaning from 
text in varied formats such as in captions, tables, symbols, and graphs (Bossé & 
Faulconer, 2008; Unsworth & Chan, 2009). This is often done in a non-sequential 
fashion, using scanning to locate and make meaning of all information and 
foreground significant items (O’Halloran, 2005). Learners may experience particular 
difficulty reading and comprehending items that include information in visuals which 
is not included in the prose (Unsworth & Chan, 2009).  
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In an age of new technologies viewing has become increasingly important, 
learners requiring the ability to make meaning of print and digital text (Bull & 
Anstey, 2005; Unsworth & Chan, 2009). Electronic text places different demands on 
the reader because of its non-linear and interactive nature, incorporating hypertext 
and navigation icons, the meaning of which is not always obvious to the viewer 
(Zammit & Downes, 2002). Readers of digital text quickly skim and scan through the 
information, making choices as they navigate through the materials (Serafini, 2012). 
This is in contrast to the careful reading needed for much mathematics text 
(Shanahan & Shanahan, 2008), which is very precise and in which small words (e.g., 
conjunctions and, or) or symbols can significantly alter the meaning of the text (Fang 
& Schleppegrell, 2010). The viewer is obliged to take an individualised path through 
text, and to construct an understanding of misleading elements (see Section 2.2.8). 
Although individuals are becoming increasingly familiar with new technologies, 
competencies related to literacy practices in electronic texts cannot be assumed 
(Baguley et al., 2010), complicated by the fact that such technologies are constantly 
changing. Knowledge of these complexities is important for teachers in terms of 
guiding learners in the reading of mathematical electronic text. 
Reading and viewing can be introduced into a mathematics classroom in many 
ways, exposing learners to the complexities of mathematics text. These include reading 
and discussing word problems and responses; reading text that includes graphic 
elements (ACARA, 2015c; Schleppegrell, 2007); reading text from electronic 
resources; and reading from everyday text such as telephone accounts or packaging 
material, which contain various genres (or styles or writing), and can be used to expose 
learners to news and propaganda (Rasinski & Padak, 2004).  
Strategies and methods have been proposed or used to aid the reading of 
mathematics, including methods developed to help learners to read and understand 
word problems. The key ideas include linking reading to prior knowledge and 
focusing attention on difficult words and questions (Adams, 2003; Barton et al., 
2002; Parkin & Hayes, 2006); active reading with the inclusion of close reading and 
discussion about the meaning of the text (Meaney & Flett, 2006; Fang & 
Schleppegrell, 2010); use of diagrams to aid understanding (Meaney & Flett, 2006; 
Parkin & Hayes, 2006); understanding the purpose of questions (Parkin & Hayes, 
2006; Appendix C), and re-reading, requesting aid, or using a dictionary if 
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difficulties arise (Shanahan & Shanahan, 2008). An example of a strategy that 
focused on key words, advocated by an educator in Shanahan and Shanahan’s (2008) 
study, bore resemblance to the four-square model diagrams (see Section 2.2.4), the 
learners writing down the key idea, a description of the idea, and an illustration, 
example, or formula for the idea in different columns. This would make possible a 
comparison of sometimes challenging concepts such as perimeter and area (see 
Section 2.2.4), offering an advantage over the four-square model idea. Knowledge of 
such practices is important for teachers in terms of scaffolding children’s reading in 
mathematics (Barton et al., 2002). Complemented by guidance about necessary 
literacy practices from the FRM, focus on introducing vocabulary, location of key 
ideas, analysing, predicting, and building an understanding of bias aided the reading 
process in the learning sessions of the study. Use was also made of a method from 
literacy education called Using Cards, tested and recommended by Borasi et al. 
(1998) in their empirical study. In this method readers record questions, 
observations, and connections on a set of cards whilst reading, helping them to 
remain engaged and to articulate their difficulties with the reading. The contents of 
the cards can later be shared and further explored, enhancing the readers’ 
understanding and providing information for the teacher in terms of scaffolding 
understanding. 
Writing in mathematics 
As does reading, writing plays a key role in the communication of 
mathematical ideas. Writing is important in classroom exercises and assessments, 
which require reading and comprehending of text followed by composing of 
responses (Baxter, Woodward, Olson, & Robyns, 2002; Bossé & Faulconer, 2008). 
The view taken here is that of many educators (e.g., Bossé & Faulconer, 2008; 
Burns, 2004), that writing in mathematics differs from speech and from writing in 
language classes. The differences between writing and speech, include differences in 
function and structure, example being the difference in grammar in written and 
spoken language, and the inclusion of varied representations in mathematical text. 
The differences between mathematics writing and writing in other subjects include 
the incorporation of symbols and visuals in mathematics (Bossé & Faulconer, 2008), 
one of the reasons for the high density and diversity of the textual elements. Learners 
need to acquire the necessary vocabulary for writing and the ability to generate 
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varied text-types such as explanations, definitions, and comparisons, practices that 
may not be emphasised in other subject areas including English (Rothstein & 
Rothstein, 2007). The highly specialised nature of writing in mathematics and the 
fact that increasingly more writing of various text-types is needed as children 
progress through school (Christie & Derewianka, 2008), means that it is necessary 
for writing to be incorporated in mathematics programs, as are reading and oral 
language.  
The audience for mathematics writing is both the teacher and the learner and 
writing offers benefits to both. Writing has the potential to aid teachers to understand 
students’ thinking, misunderstandings, and attitudes (Burns, 2004; A. Norton et al., 
2009; Rothstein & Rothstein, 2007), and to aid teachers to evaluate their teaching 
(Rothstein & Rothstein, 2007). In an example, a study by Baxter et al. (2002) noted 
examples of learners’ misunderstandings of representations being revealed by 
writing. Further, writing offers benefits to the learner. Writing “supports learning 
because it requires students to organize, clarify, and reflect on their ideas – all useful 
processes for making sense of mathematics” (Burns, 2004, p. 30). These ideas were 
echoed by Baxter et al., who stressed the importance of giving learners a chance to 
explain their thinking through writing to learn (p. 52), and by other educators who 
have suggested that writing in mathematics results in improved learning or extended 
understanding (e.g., Schleppegrell, 2007). Unlike speaking, writing offers the 
advantage of supporting learning through the production of a tangible product that 
can be reviewed and modified at a later stage. The process encourages the writer to 
rethink and expand on partially formed concepts, thereby moving towards higher 
order thinking skills (Vygotsky, 1936/trans. 1997; see Section 3.2). For example, 
Meaney (2002) suggested the importance to learning outcomes of students 
constructing explanations and justifications, stating that they encourage students to 
think mathematically. Importantly each writer is actively involved in meaning 
making and thinking during the writing process. Through writing students can be 
encouraged to improve their communication skills and become aware of their 
thinking processes (Baxter et al., 2002). Writing aids students to meet assessment 
demands (Burns, 2004), and can help to prepare them for the real world, which 
requires skills such as analysing and comparing facts (Rothstein & Rothstein, 2007).  
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However, there is insufficient evidence of writing leading to improved 
learning, a statement resonating in Bossé and Faulconer (2008). A study by A. 
Norton et al. (2009) showed evidence of writing resulting in an improved ability to 
communicate, reason, problem solve, and use representations, the authors stating that 
with time the learners were able to explain their thoughts clearly in writing. 
However, this needs further verification. Notably, the learning may not always be 
evident in the marks on an assessment item. 
Educators have referred to the challenges of including writing in mathematics, 
suggesting the need for cautious introduction into lessons. Difficulties include time 
constraints, negative student attitudes, and lack of teacher expertise (Baxter et al., 
2002; A. Norton et al., 2009; Rothstein & Rothstein, 2007). Even able mathematics 
students in Meaney’s (2002) study, especially boys, did not accept that explaining 
and justifying answers through writing would benefit learning of mathematics. 
Negative attitudes about writing in mathematics need to be addressed by teachers 
(Bossé & Faulconer, 2008), with A. Norton et al. (2009) proposing that students 
require time to adjust to such writing. The above suggests the importance of novel 
ways of introducing writing into the instruction of mathematics, particularly methods 
suitable for mathematics (Baxter et al., 2002; Rothstein & Rothstein, 2007).  
Strategies have been developed to enhance students’ ability to write. Examples 
from literacy education include modelled writing, joint construction, editing and 
proofreading, and writing from mind-maps (Campbell & Green, 2006). In 
mathematics, Meaney, Trinick, and Fairhall (2009) made use of a four-stage writing 
model called Mathematics Register Acquisition (MRA) model (p. 22), similar to 
earlier models (e.g., Dansie, 2001). The model comprised four stages depicting a 
gradual movement towards more independent writing by learners. In the noticing 
stage, the teacher had the major role, introducing the learning by modelling writing 
while utilising different semiotic systems. In stages 2 and 3, joint construction took 
place with some student input. Stage 2, called the intake stage, required students to 
do limited writing such as filling in words on a worksheet or completing sentences. 
In stage 3, the integration stage, the teacher provided opportunities for the learners to 
use new terminology and gave them direction by checking their work for accuracy. 
In the final stage, students wrote independently with priority given to authentic 
situations. The model can be used to aid writing about the properties of shapes or the 
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meaning of graphs. This is similar to Bruner’s (2006a) stages of representation in 
that it divides learning up into steps, in order to scaffold the learning process, in this 
case gradually leading the students towards increasingly independent work. 
As for other communication modes, mathematics learners require opportunities 
to practise writing in meaningful ways that expand their mathematical understanding 
and make use of technical mathematical language. Rather than simply improving 
their narrative writing skills (Schleppegrell, 2007), students need to be encouraged to 
reveal thinking (Baxter et al., 2002). Activities may include problem solving, 
explaining or arguing about ideas and processes, and giving examples (Burns, 2004), 
as well as writing summaries, observations, predictions, and factual accounts of 
classifications. Writing may take the form of writing definitions for geometric 
shapes, which are then discussed in a group (Shield, 2004), or writing reflections on 
the contents of concept maps (Miller et al., 2009). In their action research study, 
Baxter et al. (2002) designed, trialled, and tested strategies for introducing writing 
into mathematics lessons, providing examples of writing strategies and suggestions 
of prompts for initiating writing. Included was advice about engaging learners with 
writing, moving from attitudinal writing towards writing about advanced 
mathematical concepts, such as problem solving requiring multiple answers and 
justifications. Meaney et al. (2009) noted the benefits of using computers in writing, 
to simplify editing and produce readily drawn graphs, hence encouraging reluctant 
learners by giving them time to focus on task completion. In order to encourage 
learners to build connections, the importance of simultaneous use of different 
representations in reading and writing was stressed by Bossé and Faulconer (2008). 
Writing can be aided by discussing ideas, using prompts, and displaying useful 
vocabulary; and selected student writing can be shared between students and used by 
teachers in future lessons (Burns, 2004). In some respects, the correctness of the 
actual writing is less crucial than the underlying ideas (Burns, 2004). This is true for 
spelling and grammar in the non-mathematical parts of the writing, but writing of 
mathematical elements often calls for increasingly high precision, such as precision 
with placing, sizing, and ordering of elements of the text (Section 2.2.3).  
Inclusion of active writing activities in mathematics instruction is advocated, 
advice that is not always followed. Bossé and Faulconer for instance, stressed the 
value of purposeful reading and writing activities, and noted the difference between 
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reading and writing in mathematics and reading and writing about mathematics, the 
latter being more closely linked to the content and concepts of the subject. In 
accordance with SC learning theories (see Section 3.2), active and engaged learning 
is evident in many writing strategies proposed by educators (e.g., Barton et al., 2002; 
Baxter et al., 2002; Bossé & Faulconer, 2008). However, according to Bossé and 
Faulconer (2008) most learners do little reading and writing in mathematics, and 
much of the reading and writing is not active learning requiring learners to socially 
negotiate meaning. Although this is a generalisation, it may be true for many 
classrooms, a situation that mathematics teachers need to address. The 
generalisations and the fact that learners fail to see the purpose of writing in 
mathematics are possible reasons for negative attitudes of learners towards writing.  
Ignoring a focus on the full range of communication modes in mathematics 
learning is done to the detriment of the learners. When learners communicate in 
mathematics, they learn to communicate and communicate to learn (Bossé & 
Faulconer, 2008), and make strides towards independent learning. The discussion in 
this section points to the significance of teachers developing tools to enable them to 
incorporate the five communication modes effectively into lessons, such that learners 
can engage productively and thereby construct mathematical meaning and 
knowledge. As discussed, possible difficulties need to be addressed. 
Further elaboration on use of the communication modes in mathematics 
Although efforts have been made to increase the use of reading and writing in 
mathematics teaching and learning, it is often unclear whether the aim is to increase 
general literacy levels or to aid the learning of mathematics (Bossé & Faulconer, 
2008). The distinction is important in terms of convincing mathematics teachers of 
the value of reading and writing to mathematics learning. Effective introduction of 
reading and writing into mathematics classrooms is dependent on teachers’ attitudes 
and efficacy and on a positive classroom environment for such activities (Bossé & 
Faulconer, 2008). Bossé and Faulconer (2008) advocated the incorporation of 
reading and writing, considered important for learning, as a necessary and regular 
part of lessons, homework, assignments, and assessment, with the purposes being 
made clear to students. They stressed that teachers model the use of reading and 
writing in mathematics so as to familiarise the learners with these skills.  
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Strategies that follow ideas about meanings being co-constructed in 
collaborative settings have been developed to encourage language use and group 
construction of knowledge in mathematics. They provide examples that can be 
modelled in preservice classrooms. In lesson play (Zazkis et al., 2009), instead of 
using formal definitions, a playful and flexible learning sequence encourages learners 
to gradually use more precise mathematical language. For instance, the teacher 
revoices learners’ immature phrases such as has two in it with more precise phrases 
such as has two as a factor (Zazkis et al., 2009, p. 44). Another process called 
mathematizing was discussed by Schifter (2005) and Twomey Fosnot and Dolk 
(2005). As part of the learning process, children explore, grapple with ideas, answer 
questions with justifications, and develop and communicate strategies. This leads to 
discovery of patterns, generalisations, and important mathematical ideas. This 
process has some similarities to collective argumentation (Brown & Renshaw, 2006; 
Hunter, 2006, 2007), a process that puts a value on student contributions and 
includes questioning, clarifying, reasoning, explaining, challenging, justifying, 
validating, and critically exploring, and the need to agree and disagree and compare 
different methods. Guided by the teacher, the strategy relies on learners’ ability to 
work collaboratively (Brown & Renshaw, 2006; Hunter, 2006), exchange ideas 
respectfully (Hunter, 2007), and aid peers without providing direct answers (Hunter, 
2006), the aim being to construct group consensus about a problem. The benefits of 
collective argumentation include engagement through use of mathematical language 
to develop reasoning, with discussion of opposing perspectives (Hunter, 2007), 
thereby challenging the traditional views of the non-contentious nature of 
mathematics (Hunter, 2007). 
The abovementioned methods have the potential to enhance communication 
and learning if well implemented, but as with other instructional strategies, the 
effectiveness is dependent on variables such as implementation by the teacher, the 
nature of the students, the content of the lesson, and the timeframe over which the 
method is used. Calling upon teachers to move away from traditional methods of 
lesson planning and presentation, which focus on content rather than the means by 
which content is communicated and learnt, can be challenging for teachers as they 
need to adapt to facilitating strategies that may be unfamiliar (Hunter, 2007), and 
learn to react to the unpredictable nature of the resultant classroom discourse 
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(Commonwealth of Australia, 2008). More empirical studies that analyse the 
effectiveness of instructional strategies relating to literacy in mathematics are needed 
(Friedland et al., 2011; Section 2.2.4). 
Solving of mathematical word problems also involves the use of mathematical 
text; hence it is discussed under the banner of text using in the next section.  
2.2.7 Text using: Mathematical word problems and error analysis 
In this study the term word problem will be used for all mathematical problems 
that include text, similar to the meaning used by Ilany and Margolin (2010). The 
Australian Curriculum Mathematics contends that learners “use literacy to pose and 
answer questions, engage in mathematical problem solving, and to discuss, produce 
and explain solutions” (ACARA, 2015c, para. 6). Such literacy demands associated 
with solving word problems is the focus of this section.  
Newman error analysis 
In order to use the text in word problems, readers’ require competencies to 
interpret questions and subsequently generate and justify responses. Often this 
requires navigation between the different semiotic systems used to describe and 
answer the question. More than simply text using, this process relies on code 
breaking and meaning making practices. 
A foundational research study that investigated the role of language in 
mathematical word problems was carried out by Newman (1977), and involved 124 
low-achieving Grade 6 students from 19 schools in Melbourne. Newman divided the 
solving of one-step word problems into five stages, including reading, 
comprehending, and transforming the question into mathematical terms, followed by 
mathematical processing and answering of the question. By questioning the students, 
Newman categorised the student errors into the five categories and two extra 
categories, namely carelessness and lack of motivation. Results showed that 47% of 
the 3002 errors occurred in the first three categories; that is, before the mathematical 
processing took place, and 35% occurred in the reading and meaning making stages 
of the questions. Newman’s error analysis has been utilised by many researchers in 
different parts of the world with results indicating that a high percentage of errors 
occur in the first three language-based stages of the problem-solving process 
(Marinas & Clements, 1990). The relevance of the studies is that, although a lack of 
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mathematical processing ability was traditionally assumed for incorrect answers, 
difficulties were often embedded in the language complexities associated with the 
problem (A. L. White, 2005). Unlike the use of an overall test score, utilising 
Newman’s method presented a method of identifying individual learners’ challenges. 
Numerous criticisms can be levelled at Newman error analysis studies. It was 
not always clear in which category an error fell, and students may have pretended 
that they did not understand the question rather than answer the question incorrectly 
(Whitting, 1998). Categorisation of errors could have been affected by children 
communicating with peers before being interviewed. Newman’s method only 
considered errors and often only the initial error was identified. For instance, if the 
child experienced difficulties with reading the question, the error was classified in 
that category not in the following categories where difficulties may also have 
occurred. In recent decades, studies have turned to finding ways of reducing the error 
rate in early stages of problem solving. A small Newman error analysis, which took 
place at an international school in Papua New Guinea, showed a large decrease in the 
error rate by focusing attention on strategies to aid the students through the first three 
language stages in problem solving (Whitting, 1998).  
Variable results would be expected from Newman error analysis studies, 
dependent on factors such as the nature of the learners, question topic and length, 
question presentation and difficulty, and extraneous information. However, although 
variable, numerous studies in the field showed that a lack of reading and 
comprehending abilities was the cause of many errors in mathematics (e.g., above). 
Other studies on mathematical word problems  
More recently, studies have highlighted that the actual language used in word 
problems can impact on students’ ability to solve the problems (Abedi & Lord, 2001; 
Lee, Ng, Ng, & Lim, 2004; Martiniello, 2008). The importance of language 
knowledge was indicated by data showing that American children scored 10% to 
30% worse on word problems than on similar questions in numeric format (Abedi & 
Lord, 2001). In order to investigate the effect on learners’ abilities to answer 
questions, the study by Abedi and Lord (2001) focused on simplifying the language 
in assessment questions. Following results of previous empirical studies, question 
modifications included simplifying non-mathematical vocabulary, using active verbs, 
shortening long nominals, modifying impersonal presentations, and simplifying 
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question phrases, examples of which can be seen in Abedi and Lord. The majority of 
the 36 students interviewed preferred the modified questions and the results on the 
modified tests, completed by 1174 students, showed a significant positive average 
improvement for most student groups. The largest benefits were shown by weak and 
average mathematics student groups, followed by English language learners, and 
students from low socio-economic backgrounds, with Abedi and Lord stating that the 
results were consistent with previous studies. Although the results applied to a 
relatively small sample of students in the Los Angeles area, they did point to 
language factors negatively influencing students’ problem-solving abilities. Further 
the results suggested that questions that are cautiously worded so as to avoid 
unnecessarily complex language features are likely to aid certain student groups by 
lowering the impact that language has on their outcomes. It should be noted that the 
study by Abedi and Lord made modifications to word questions based on research 
carried out prior to 1994, with questions from 1992 assessments used. The actual 
questions were not included, and it was unclear which modifications to questions 
made the most difference. Further, there was no evidence of modifications to or 
addition of visual elements in questions, a crucial part of assessments today. 
Resonating with Abedi and Lord’s (2001) study, another study by Kan and 
Bulut (2015) of 671 sixth-grade students showed that the students scored marginally 
better on average at problems expressed with simplified wording than in equivalent 
problems expressed mathematically, with the inclusion of technical mathematical 
language. The responses to the problems expressed with simplified wording did 
show a greater range of abilities. More examples of the questions would have aided 
analysis and it was not clear what the result was for the one problem that was 
included. Overall the results were variable, the different styles of questioning 
seemingly advantaging different learners.  
Studies on difficulties that ELL students have with mathematical word 
problems can be used to understand challenges that they encounter when using 
mathematics language. According to Martiniello (2008), primary ELL students 
demonstrated lower scores in assessments than English-speaking students with 
comparable mathematics processing abilities; think-aloud interviews helped to 
identify linguistic difficulties experienced by 24 ELL students for a small sample of 
six questions. Challenges stemmed from lack of background knowledge and 
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difficulties posed by lengthy words, sentences or questions; use of passive voice; 
lack of understanding of words including words with multiple meanings; and 
difficulties with interpreting complicated grammatical elements of questions such as 
multiple clauses and long noun phrases. For example, the low frequency everyday 
word certain, posed more problems to ELL students than to other students who may 
have encountered it in everyday English (p. 346). Martiniello’s study demonstrated 
the value of audio recording of interviews to investigate problems that students have 
with mathematical language, a means of identifying the exact nature of the problems.  
The abovementioned studies have implications for mathematics teaching and 
learning, and test development, drawing attention to the need for teachers to provide 
sustained literacy instruction, especially for ELL learners. As with Abedi and Lord’s 
(2001) and Kan and Bulut’s (2015) studies, Martiniello’s (2008) study pointed to the 
importance of teachers avoiding excessively complex language in teaching and 
testing. However, the degree to which the linguistic demands of questions should be 
simplified for assessment has been debated, since learners “need to learn to deal with 
the dense and technical language” (Schleppegrell, 2007, p. 156) of mathematics. It 
appears prudent then to focus on teaching literacy in mathematics while 
simultaneously removing unnecessarily complex language from questions to enable 
children to proceed to the mathematical processing stages of questions (Abedi, 2009; 
Martiniello, 2008). In teaching, Lemke (2003) suggested that teachers should expose 
learners to both technical mathematical language and ordinary language in problems 
set in authentic contexts. Ideas to scaffold understanding of word problems suggested 
by Kan and Bulut (2015) were the inclusion of visuals to aid understanding and the 
use of pairs of questions such as those used in their study.  
Further studies, especially large studies in the Australian context, could 
enhance understanding of factors relating to the literacy demands of problems that 
impact on learners’ success with solving problems, including students’ 
comprehension of visuals. As expected and evident in Latu’s (2005) study of 42 
Pasifika students in Year 12, students’ difficulties with mathematical word problems 
can be a combination of language issues, mathematical processing issues, and lack of 
core mathematical conceptual understanding. Arguably some mathematical 
processing difficulties in Latu’s study may have arisen because of the students’ 
difficulties with literacy in mathematics.  
 Chapter 2: Literature Review 77 
Some studies have indicated that language and culture can act as a filter 
disadvantaging the learning and achievement of students from certain societal groups 
(Cooper & Dunne, 1999; Martiniello, 2008; Tripcony, 2002). Varying world views 
of people from different cultures may lead them to interpret problems differently 
(Zevenbergen et al., 2004). This corresponds to Avgerinou and Petterson’s (2011) 
observations that students’ cultural backgrounds can impact on their understanding 
of mathematical visual images set in context. In Australia, a study of assessment 
practices called the Accountability Project suggested that Indigenous students were 
disadvantaged in some test items because of language and culture (Tripcony, 2002). 
Based in England, Cooper and Dunne’s (1999) quantitative/qualitative study 
recounted errors made by 10–11 year olds in questions set in real-life contexts. 
Compared to their peers, students from low socio-economic backgrounds appeared to 
underutilise mathematical language codes and more often used their world 
knowledge to complete tasks, leading to incorrect answers. However, some errors 
could have stemmed from poor wording in the questions or on marking that 
depended on arbitrary decisions. Moreover, as admitted by Cooper and Dunne, social 
class and ability were difficult to define. Further, some children initially answered 
questions incorrectly but answered correctly when encouraged. Reasons may have 
included lacking confidence or familiarity with the content, meaning that they may 
have scored poorly regardless of the questions and language used.  
Numerous studies have recounted examples of students experiencing 
difficulties with word problems because they interpreted the questions with reference 
to different background experiences (e.g., Abedi & Lord, 2001; Martiniello, 2008; 
Zevenbergen, 2000, 2001). In a question beginning “Suppose you have a garden ...” 
(Zevenbergen, 2000, p. 49), some students answered incorrectly due to interpreting 
the question to mean their own garden instead of the garden given in the picture. In a 
question that asked how many buses would be needed for 50 students if 22 students 
could ride in a bus, one student answered two buses and a van (Zevenbergen, 2000), 
the student answering the question with reference to his life experiences. Such 
studies drew attention to the possibility that language practices and experiences used 
outside school may conflict with the language practices used in school having the 
potential to impact on student achievement (D. Green, 2006). Zevenbergen (2000) 
noted that students make fewer such mistakes as they progress through school, 
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suggesting that they gradually master the skills needed to work in the mathematics 
register. The relevance of the abovementioned studies is that they point to a need for 
teachers to understand the barriers that word problems pose to learners, and the 
importance of teachers executing special care when choosing and wording 
mathematical problems. As noted by Ilany and Margolin (2010), it is important that 
the children understand the situations described in the many mathematical problems 
used in primary years that are situated in real-world contexts. 
An empirical study by Terwel, van Oers, van Dijk, and van den Eeden (2009) 
reinforced the value of children constructing their own visuals in the process of 
solving mathematical word problems, enabling them to develop understanding that 
could have future benefits. In the study, an experimental group of Grade 5 children 
who were encouraged to construct their own visuals while solving problems was 
ultimately better positioned to understand such images and solve new problems using 
visuals than a control group who were provided with visuals. Children in the 
experimental group scored better in the complex tasks, displayed more creativity and 
originality in the transfer test, and exhibited better communication in their visuals 
and explanations (Terwel et al., 2009). The authors believed that this was due to their 
practice with generating visuals collaboratively, which exposed them to the structure 
of a problem, the students gaining useful knowledge that assisted them with 
comparable problems. The authors advocated that children generate their own visuals 
to link learning to prior knowledge, enhance their thinking with help from others, and 
gain some ownership of their learning. It appears logical that children would benefit 
from being more actively engaged in their learning. The study by Terwel et al. is 
limited by scant detail of the program implementation and the short-term results that 
depend on subjective scoring of test items. The importance of diagrams in problem 
solving was also stressed by Ilany and Margolin (2010), important in terms of aiding 
understanding of a linguistic situation. This was particularly evident in the fractional 
problem solved by Sivan (Ilany & Margolin, 2010). However, when used, visuals 
need to be detailed and correct (Terwel et al., 2009), and be thoughtfully applied with 
exclusive use of those that aid completion of a task (Zevenbergen, 2005).  
Strategies for use in solving mathematical word problems 
Earlier research by Newman (1977) and more recent research by Vilenius-
Tuohimaa et al. (2008) noted a relationship between student performance in solving 
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mathematical word problems and reading skills including comprehension and fluent 
technical reading ability. Thus strategies such as that described by van Garderen 
(2004), based on the idea of reciprocal teaching, have been utilised to aid learners in 
problem solving by aiding reading comprehension. The method, in which problems 
are solved collaboratively, followed the stages of reading, clarifying, questioning, 
summarizing, and planning (van Garderen, 2004, p. 226). The first stage included 
reading the question (individually or aloud for the group) and clarification of the 
meaning of complex words and phrases by the group leader. Questions were then 
asked such as “What is known/unknown?” allowing key parts of the question to be 
identified, then summarised by the group leader who subsequently guided the group 
towards solving the problem. Methods such as van Garderen (2004) encourage 
discussion and dialogue in mathematics classrooms. The method also allows students 
to work supportively and collaboratively in a process of shared learning in a non-
threatening environment, but is dependent on the competence of the group leader.  
Having some similarities to Newman’s (1977) stages, Ilany and Margolin 
(2010) described a method that partitioned the solving of word problems into steps, 
several relying on knowledge of literacy practices. The authors listed questions to 
scaffold understanding of word problems and drew attention to the possibility of 
misleading clues and implicit information, and the need to compare answers to the 
original question, to ascertain that the answer matched the context of the question. 
Although providing some useful guidance in terms of reading for understanding of 
word problems, and understanding of challenges that learners experience in the 
process of transforming a question expressed in natural language into mathematical 
format, this was a small case study, the method trialled on only three participants, 
meaning that the method requires further empirical testing to determine its 
effectiveness. The fact that answers given by the three students was questioned 
meant that they were likely to read the questions more carefully, improving their 
chances of correcting their answers when Ilany and Margolin’s steps were used. 
Notably, key to this and other problem-solving strategies (e.g., van Garderen, 2004) 
is the need for careful reading and use of prior knowledge and diagrams to aid 
problem understanding and solving. 
Other methods have been used to assist learners to solve mathematical word 
problems. A study by V. R. Jacobs and Ambrose (2008/2009), which involved 
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observation of 65 teachers and 231 learners, identified effective pedagogical 
practices for enhancing problem solving and dialogue. They included ensuring that 
the learners comprehended the problem; re-reading, rephrasing, elaborating, 
recontextualising or restructuring the problem; clarifying certain facts; and extending 
thinking after the answer was obtained through reflection or extension of the 
problem. Although V. R. Jacobs and Ambrose’s study dealt with simple problems, 
the strategies can be applied to complex problems. In another method, Parkin and 
Hayes (2006; Appendix C), suggested that the given information, required 
information, and irrelevant information should be written on three differently 
coloured cards, also achieved by highlighting or underlining various parts of the 
question in different colours. Advocated too are use of dictionaries, and diagrams to 
represent information (Meaney & Flett, 2006; Terwel et al., 2009). Many problem-
solving strategies depend on the links between the multiple semiotic systems in 
mathematics, including constructing a list or table, drawing a picture or graph, and 
finding a pattern or equation (Brahier, 2009; De Mestre, 2011). The strategies are 
listed by Burns (2007) and well illustrated in Working Mathematically (2014). An 
understanding of diverse representations is important for classroom teachers to aid 
learners to overcome the language hurdles of word problems. 
Encouraging learners to follow procedures with no attempt to understand the 
question, the practice of directing learners to key words in word problems has been 
criticised (van Garderen, 2004; Quinnell & Carter, 2013). Such a practice can lead to 
incorrect answers in cases where key words such as altogether or more do not 
require addition and subtraction respectively (as may be expected), and a key word 
such as twice requires the process of halving not doubling (Zevenbergen, 2001). An 
understanding of such pitfalls is important for teachers of mathematics. 
Today solving word problems is an important part of mathematics content and 
assessments, a justification being that it provides a link to the real world 
(Zevenbergen, 2001). Examples are evident in NAPLAN tests, where for instance, 
the large majority of questions on the NAPLAN tests used in 2013 in Year 3, 5 and 7 
was embedded in language (ACARA, 2013a). As acknowledged by ACARA 
(2015c), the learners’ ability to understand, interpret, and answer word problems 
relies on literacy competencies. Word problems can pose challenges to learners 
(Zevenbergen, 2000) as they are often contrived and demand high literacy skills of 
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the students, who need to unravel the meaning of the problem. “As mathematical 
information is often embedded in complex textual material, high levels of literacy are 
critical to enable people to access numerical information and mathematical 
understandings” (K. Doyle, 2006, p. 187). Zevenbergen (2001) gave an example of a 
question that was arithmetically simple for Year 6 children but 33% of the children 
who did the question answered it incorrectly due to the high literacy demands. Not 
only is knowledge of literacy in mathematics crucial to interpreting problems, it is 
also an asset in terms of solving and answering the problems.  
Guided by the FRM, discussion in Sections 2.2.6 and 2.2.7 focused on text- 
using practices as they apply to the teaching of mathematics. A summary of these 
practices is included in Chapter 3 (Figure 3.1). This leads to a discussion of the 
fourth element of the FRM, critically analysis in mathematics.  
2.2.8 Critical analysis in mathematics 
Already noted, much text including text with mathematical content 
inadvertently or advertently contains bias, reflecting the author’s personal values or 
opinions (D. Green, 2006; Stoessiger, 2002), which may impact on readers’ ideas. 
Examples can be found in websites, newspapers, and advertisements (Zammit & 
Downes, 2002; e.g. Rush, 2004). At times information is purposely biased to 
misrepresent political, economic, or social issues, numbers used to create an illusion 
of facticity. Stoessiger (2002) referred to an article by an environmental group 
containing data on changes in atmospheric carbon dioxide levels, stating that certain 
data may have been selected to represent the case and other data omitted. Advertising 
statements such as Buy three today, 50% off influence readers, an example of “sign 
systems [that] can be used to influence particular consumers to buy a product” 
(Brown & Hirst, 2005, p. 31). Different words for average can be used to 
misrepresent information. The median household income may be considerably less 
than the mean, the mean being affected by the high-earning part of the population 
(Brahier, 2009). Using the mean, not median, as an average could mislead people 
into believing that half of all households earn more than is actually the case. Deep 
understanding of such text depends on conceptual understanding, and knowledge of 
critical-analysis practices (Luke, 2012), ensuring that readers are able to see beyond 
the superficial messages in text.  
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Hence, literacy learning frameworks have referred to the key role of critical 
analysis, which is part of many contemporary literacy learning frameworks (Baguley 
et al., 2010). One such model, the FRM (Freebody & Luke, 2003), states the 
importance of developing critical-analysis practices as a key part of becoming 
literate. Such practices encourage readers “to look beyond the literal meaning of text 
to see what is present or missing” (Robertson & Hughes, 2011, p. 39). Critical 
analysis relies on learners’ understanding that text is written for social purposes, 
representing specific views (Brown & Hirst, 2005), hence the need for a critical 
stance and investigation of the purpose, fairness, truthfulness, and bias of text. In 
order to build a deep understanding of text, learners are encouraged to analyse who 
produced a text, for whom, and why it was produced (Freebody & Luke, 2003). In 
this study critical analysis refers to analysis of text with mathematical content, 
omitting focus on mathematical processing. 
Different terminology has been used for overlapping ideas to refer to critical 
analysis of text including text with mathematical content. Critical numeracy refers to 
the critical analysis of mathematical information (Stoessiger, 2002), including critical 
analysis of texts that contain numerical and non-numerical components. Critical 
numeracy includes reference to the relevance and bias of information, its power to 
say certain things while omitting other information (Stoessiger, 2002). Focusing on 
text from the media, critical media literacy calls upon readers to question the sources 
of bias and misrepresentation of views in the media (Orr et al., 2014). More specific 
to equity issues, critical mathematical literacy includes using text with mathematical 
content to expose inequities in society (Frankenstein, 2005), and incorporates an 
understanding of how data are collected and represented. Examples include the 
distortion of unemployment rates and poverty figures by using differing definitions 
of unemployment and poverty line (Frankenstein, 2005).  
Misleading elements in statistical text 
An understanding of misleading elements in mathematical visuals plays a key 
role in statistical literacy, since as explained by Serafini (2012), the contents of 
visuals, including graphs, are not neutral. The possibility of misrepresentation of 
ideas and communication of specific views in visuals points to the importance of 
readers’ ability to critically analyse such representations (Monteiro & Ainley, 2003a; 
O’Halloran, 2005). With aid from teachers, learners can construct an understanding 
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of critical-analysis practices related to statistical text, including an understanding of 
bias, misrepresentation, specific emphasis, disguised information, and differing 
purposes and points of view in statistical text.  
The misrepresentation of data is multifaceted, leading scholars to coin the term 
lie factor when referring to graphs (Monteiro & Ainley, 2010, p. 22). Bias is 
introduced by emphasising or disguising part of a visual (Monteiro & Ainley, 
2003a), such as exaggerating the slope, using a misleading caption, or drawing 
viewers’ attention to salient parts of a graph with the use of perspective (O’Halloran, 
2005). “Too many details and too much complexity give rise to distracting 
interference” (Avgerinou & Petterson, 2011, p. 11); for instance, fine print may be 
overlooked in advertising material. Even supposedly accurate graphs can be 
interpreted differently (Monteiro & Ainley, 2010). Incorrect choice of representation-
type can be misleading (e.g., Mackinlay, 1999), and bar graphs may be misleading if 
bars of different widths or colours, or 3D bars are used (Wall & Benson, 2009). In 
the Life Saver account graph (Figure 2.2), which depicts bank savings, the title, use 
of 3D bars, different colours and widths of the bars, and inclusion of a y-axis that 
starts at a non-zero number, all add to deceptions in the graph. Mackinlay (1999) 
suggested that, in order of increasing accuracy, factors such as colour, density, 
volume, area, angle, slope, length, and position all add information to a visual image 
(Mackinlay, 1999), presenting misleading messages to the reader. Although all 
important factors, it is unclear how the order was determined. However, it is apparent 
that in order to protect meaning, representation of data in the form of graphs requires 
cautious execution (Monteiro & Ainley, 2010). Regardless of caution, unbiased 
representations are unlikely, with construction of graphs dependent on many 
variables: choice of information or sample, choice of graph-type, wording of labels, 
grouping of data, differences in representation, and the role of the reader in the 
interpretation process.  
Educators have discussed the application of ideas from critical analysis to 
statistical literacy (e.g., Monteiro & Ainley, 2003a, 2004, 2007; Watson & Fitzallen, 
2010). This is important in this study because it aligns with critical-analysis practices 
in the FRM. Watson and Callingham (2003) illustrated with an example how the 
FRM could be used to analyse probability and the interpretation of graphs. This 
included breaking the code of the terminology and symbols of probability and 
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statistical graphs; making meaning of probability claims, graphs, and data; using 
probability, graphs, and data concepts in varied contexts; and critically analysing 
probability claims, graphs, and data for deceptions and omissions.  
Life Saver 
Watch Your Money Grow! 
 
Figure 2.2. Example of a misleading statistical graph (discussed in Quinnell, 2014a, 2014b). 
Graphs from the media can be used to scaffold learners’ reading of such text 
and to develop their critical-analysis competencies (e.g., Monteiro & Ainley, 2003a, 
2004, 2007; Robertson & Hughes, 2011). Monteiro and Ainley (2007) identified that 
“teachers need to guide the pedagogical setting towards situations in which 
statistically relevant aspects are discussed, such as posing questions related to the 
critical analysis of data” (p. 189). As described in Section 2.2.5, one useful approach 
is that of encouraging readers to read the data, read between the data, and read 
beyond data (Watson & Fitzallen, 2010), the third category allowing for critical 
analysis. Monteiro and Ainley (2004, 2007) proposed that this strategy allows the 
contents of graphs to become more transparent to the learners, encouraging them to 
use their cognitive knowledge of graph structures, their knowledge of the context, 
and their beliefs, all of which according to the authors contributed to meaning 
making and critical analysis of the graphs. However, opportunities for critical 
analysis were incompletely developed and described in some of their studies. In 
Monteiro and Ainley (2003b) the meaning of serious injury was not clarified nor was 
the reasonableness of the trend line in Figure 3 in their article discussed. Further, 
more comprehensive titles on the two graphs in Figure 2 in the 2003a study could 
have aided readers’ interpretation by identifying the difference between the graphs.  
Use of graphs that depict familiar contexts aids learners’ understanding and 
abilities in critical analysis (Monteiro & Ainley, 2003a, 2007). This was extended by 
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Serafini (2012) who noted that together with readers’ experiences and socio-cultural 
contexts, authors’ views and views expressed in the textual references form a basis 
on which understanding of such texts is constructed (Serafini, 2012). As advocated 
by Monteiro and Ainley (2003a, 2007), it appears logical that choosing contexts and 
content that are appropriate for learners would result in engagement and mean that 
more in-depth questions could be asked about the meaning of graphs, enabling the 
learners to read beyond and critically analyse the data. However, potential difficulties 
with context are not always evident as illustrated in Monteiro and Ainley (2003a).  
Incorporating critical analysis into mathematics lessons 
In line with literacy learning frameworks, the curriculum reflects the key role 
of critical analysis and thinking in teaching and learning, critical analysis of text 
relying on readers engaging in critical thinking. Critical thinking is identified as a 
cross-curriculum capability in the Australian Curriculum (ACARA, 2015c), both for 
generating and evaluating knowledge, and is stressed in the mathematics curriculum 
as early as Year 5. Relying on critical-analysis practices, critical statistical literacy is 
now part of the Australian curriculum (Watson & Fitzallen, 2010; Watson, 2015). 
This is evident in the paragraph on statistics and probability in the content structure 
part of the Australian Curriculum Mathematics (ACARA, 2015b), which states: 
Students recognise and analyse data and draw inferences ….They develop an 
increasingly sophisticated ability to critically evaluate chance and data 
concepts and make reasoned judgements and decisions, as well as building 
skills to critically evaluate statistical information and develop intuitions 
about data. (para. 6) 
There are references to critical and creative thinking in many mathematics 
descriptors of the curriculum, especially those in the statistics and probability strand. 
In Year 6 the descriptor “Interpret secondary data presented in digital media and 
elsewhere” (ACARA, 2015a, ACMSP148), refers to discussion of the messages that 
authors’ of media text may wish to convey and identification of misleading media 
representations. Analysis of statistical reports is addressed in a Year 10 Australian 
Curriculum Mathematics descriptor that refers to evaluation of claims and displays in 
statistical reports from sources such as the media (ACARA, 2015a). As advocated by 
Watson and Fitzallen (2010), such critical literacy practices require gradual 
development starting in junior levels. The examples point to the importance of 
 86 Literacy in mathematics in preservice education 
exposing learners to critical analysis of text (including everyday text) in preservice 
years, such that future teachers are in a position to provide opportunities for students 
to interpret and critically analyse varied text with mathematical content. Importantly, 
as discussed by Watson (2011), such emphasis in mathematics has the potential to 
aid learners with interpretation of varied representation in other curriculum areas.  
Studies and articles by educators who have a good understanding of content 
and effective pedagogies contribute ideas about incorporating critical analysis into 
mathematics instruction. Examples of text from the media (with mathematical 
content) that provides opportunities for critically analysis can be found in Monteiro 
and Ainley (2003a; 2007; 2010), Stack et al. (2010), and Watson and Fitzallen 
(2010). Full understanding of the included representations relies on critical analysis, 
and descriptions of the contents relies on subtle use of language to show uncertainty, 
the notion of uncertainty being crucial to interpretation of statistical information 
(Watson & Fitzallen, 2010). As evident in the abovementioned studies, suitable 
topics for critical analysis involved serious accident rates, mobile call rates, and 
average yearly wages, all based in real-life contexts. Mr and Mrs Tasmania is an 
example of text that can be used to stimulate critical-analysis practices (see Stack et 
al., 2010), although inclusion of newer data would be preferable. Analysis of the text 
requires students to compare two similar sets of data on average annual wages and 
hours of housework per week for men and women in Tasmania. Rather than focusing 
on mathematical processing, the comparison requires learners to critically analyse the 
text, relying on critical-analysis practices outlined in the FRM. In the process the 
readers need to take all information in the table into account, for instance focusing on 
a combination of comparative wages, hours worked, and leisure time in order to 
critically analyse the data. The analysis relies on prior knowledge of key words such 
as mortgage and average, critical thinking about mathematical concepts mean, 
median, and mode required in the process. Another study by P. White et al. (2009) 
contains examples that can be modified for critical analysis, including questions on 
percentages, an example being percentage discounts on sale goods. As did the Mr 
and Mrs Tasmania text, many of the examples in P. White et al. (2009) made use of 
comparisons. The abovementioned readings are important in terms of developing a 
learning program on literacy in mathematics, contributed ideas to the design of the 
learning sessions.  
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Much work on critical numeracy has been done in Tasmania, resulting in the 
production of the NIE website (Stack et al., 2010), which includes critical analysis of 
varied and authentic text from the Mercury newspaper (NIE, 2009). The website 
provides useful resources for mathematics teachers, collated by the University of 
Tasmania, in collaboration with the Hobart Mercury, NIE, and the Tasmanian 
Department of Education (see Watson, 2000a, Watson, 2015). The Numeracy in the 
News section relies on the FRM adapted for numeracy (including mathematical 
processing). The adapted model provides a framework in terms of using the 
resources, with the inclusion of a focus on critical numeracy. The user is urged to 
critically analyse text, as is advocated in contemporary literacy teaching. Included 
are examples that deal with choice of representative samples, data representation, and 
conditional statements and inferences, all of which can result in misleading portrayal 
of information (Watson, 2000a). Information to help teachers to make appropriate 
use of the resource is included with each example.  
Teachers require familiarity with factors that contribute to misleading elements 
in text. Numerous factors were included in heuristics proposed by Stack et al. (2010) 
and Whitin and Whitin (2008). Although Whitin and Whitin’s (2008) heuristic 
referred to critical analysis in statistical investigations not textual analysis, it 
suggested factors that may cause statistical text to be misleading. In their heuristic 
such factors were categorised according to the motive for the investigation, the 
wording of the questions, the categories and definitions used, the sample, the 
representations, and the conclusions reached, categories which would be relevant in 
the current study. Other factors are listed in the Australian Curriculum Mathematics 
(ACARA, 2015a). For instance, the additional notes in the Year 6 probability and 
statistics descriptor that refers to interpreting secondary data (ACMSP148), identifies 
factors such as broken axes, non-linear scales, no scales, and unrelated claims as 
possible misleading factors in representations. 
There are advantages and challenges of incorporating critical analysis and 
thinking into mathematics lessons. Although requiring further verification, 
advantages noted by educators include extended engagement through choice of 
motivating contexts (Stack et al., 2010); increased discussion of values and social 
and equity issues (Frankenstein, 2005; Lesser & Blake, 2007); improved learning 
(Stack et al., 2010); and a means of empowering students to make their own 
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judgements (Stoessiger, 2002). Critical analysis encourages broader understandings 
about everyday issues (NIE, 2009). Questions on critical analysis can be designed to 
encourage analysis of information, to question values, and to encourage deeper 
thinking (Freebody & Luke, 2003; Luke, 2012; Robertson & Hughes, 2011). 
Utilising critical analysis in mathematics classrooms can enable students to make 
links between mathematics and contexts of interest (Stack et al., 2010). In the study 
by Stack et al. (2010), teachers who made use of critical analysis questions in their 
teaching referred to improved teaching practice and student engagement and 
thinking, and suggested the need to rethink teaching in order to incorporate critical 
thinking.  
There are several challenges posed by an introduction of critical analysis into 
mathematics lessons, including time limitations, because of the digressions that result 
from such teaching. Critical analysis may be easier to incorporate into topics such as 
percentages, which are widely used in everyday contexts, than in other mathematics 
topics. Critical analysis may pose challenges to teachers partly because of their 
limited previous exposure to the topic (Robertson & Hughes, 2011). Revealed in 
both studies, Stack et al. (2010) and P. White et al. (2009), the teachers involved 
were uneasy about stepping away from traditional mathematics teaching practice 
where one correct answer was expected. Extending this further, Stack et al. (2010) 
suggested that competency with critical-analysis practices may take time to develop 
especially if teachers are not in the habit of thinking critically and asking critical 
questions, an assumption that requires further empirical validation. An understanding 
of the advantages and challenges of introducing critical analysis into mathematics 
stands to improve educators’ ability to do so successfully. 
More studies especially larger scale studies are needed to ascertain teachers’ 
views and abilities to incorporate critical analysis into mathematics instruction. The 
challenges of its incorporation are relevant here since teachers need the ability to 
prepare students to participate in the media-rich world (Robertson & Hughes, 2011) 
and to analyse misleading elements in text, to minimise the likelihood they will be 
manipulated by media (D. Green, 2006; Robertson & Hughes, 2011).  
This study made use of the relevant parts of critical literacy, critical numeracy, 
and critical mathematical literacy – those that referred to literacy, not mathematical 
processing – and political issues were avoided. Guided by the FRM, discussion in 
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Section 2.2.8 focused on critical-analysis practices as they apply to mathematics. A 
summary of such practices is included in Chapter 3 (Figure 3.1). In the learning 
sessions, use of a FRM heuristic guided the preservice teachers towards an 
understanding of critical analysis as it applies to literacy in mathematics. Further, it 
guided them towards an understanding of factors that cause bias in text with 
mathematical content, some of which have been previously discussed by 
mathematics researchers, educators, and scholars.   
2.2.9 Contentious issues in literacy learning 
In order to address the crucial role of literacy in mathematics, numerous 
contentious notions need consideration. These include the notion that literacy is 
learnt in the first few years of school, leading to a limited need for a focus on literacy 
in higher levels of schooling. This and the notion that learning takes place naturally 
are according to many educators harmful and untrue (e.g., Christie, 1998; Shanahan 
& Shanahan, 2008), since children require guidance by teachers in literacy learning 
in different levels. The notion that “mathematics is the least language-dependent 
subject” (Schleppegrell, 2007, p. 155) has been widely challenged because of the 
understanding that language plays a crucial role in mathematics (Zevenbergen et al., 
2004), as has the idea that teaching language is not a mathematics teacher’s 
responsibility (see Section 1.1).  
Countering these ideas, literacy in mathematics is diverse and becomes 
increasingly complex (ACARA, 2013b; Fang & Schleppegrell, 2010). Successful 
learning depends on students attaining higher levels of literacy relevant to 
mathematics, including reading skills, as they progress through school (Fang & 
Schleppegrell, 2010; Shanahan & Shanahan, 2008). Similar observations have been 
made about writing, with children requiring teachers’ guidance for writing in various 
genres, which become increasingly complex in higher levels (Christie & 
Derewianka, 2008). Literacy demands of a subject such as mathematics contain 
unique practices (Shanahan & Shanahan, 2008), leading educators and curriculum 
planners to the view that it is every teacher’s responsibility to teach literacy in 
mathematics at all levels (ACARA, 2013b; Section 1.1). This is backed up by the 
studies in the literature review that reflect the diverse and at times unique nature of 
literacy in mathematics, testament to the important role that literacy learning plays in 
the subject. Learners require guidance with the specialised vocabulary and language 
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structures in different subjects (Fang & Schleppegrell, 2010; Shanahan & Shanahan, 
2008), subject teachers being best positioned to impart this often specialised 
knowledge. For instance, in mathematics, learners require scaffolding to bridge the 
gap between natural everyday language and mathematical language (Ilany & 
Margolin, 2010). Following direction from the curriculum, the implication for 
mathematics teachers is the importance of a focus on literacy in the instruction of 
mathematics at all levels. Scaffolding of subject-specific literacy learning in 
mathematics, has the potential to aid students towards independent learning, and also 
aid their everyday understandings (V. A. Jacobs, 2008). 
Following the above discussion it is important that preservice teachers develop 
awareness of the diverse and specialised literacy demands of mathematics and 
instructional strategies that can be used to enhance knowledge of literacy in the 
subject. However, in an effort to avoid further isolation of curriculum areas, it would 
seem pertinent to acknowledge the similarities and the differences between different 
curriculum literacies. Rather than viewing the literacies of different subjects as 
independent entities, it would appear preferable to take cognisance of the areas of 
overlap in addition to the areas of uniqueness, in order to foster bridging of 
knowledge (see Figure 1.1).  
2.2.10 Further studies in preservice education 
Due to limited previous work focusing on literacy in mathematics in the 
preservice sector a decision was taken to undertake the current study. Post execution 
of this study, other studies were undertaken that focused on literacy in different 
subject areas and levels in preservice education (e.g., Conrad & Stone, 2015; Orr et 
al., 2014). The studies presented evidence of the contemporary interest in this field of 
study, and broadened understanding of how best to introduce preservice teachers to 
literacy in content areas such as mathematics.  
Long-term lecturers of a literacy unit, Conrad and Stone (2015) described a 
course for primary preservice teachers in USA in which the preservice teachers chose 
a literacy instructional strategy underpinned by SC ideas (see Section 3.2) to present 
and model to the other students as part of an assignment. The presentations which 
were followed by feedback from other students, exposed the preservice teachers to 
diverse instructional strategies. The aim was to promote their acquisition of 
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knowledge of literacy strategies, thereby aiding them to scaffold their future 
students’ literacy in different subject areas. The study outlined some detail of a 
variety of instructional strategies, complementing those described in this study. 
However, inclusion of a more comprehensive description and critique of each 
strategy, detail of the reflection questions, and individual feedback and referencing 
for each would have strengthened the study. Moreover, use of a model from literacy 
education (such as the FRM), would have encouraged a broader focus on necessary 
literacy practices.  Although the study was accompanied by many positive reflection 
comments from the student cohort, the long-term impact was unclear and the 
inadequate details given about the course would make it difficult to replicate.  
In the qualitative study by Orr et al. (2014), six recently graduated secondary 
mathematics and science teachers in Canada who had previously covered a course on 
content area literacy, were interviewed to ascertain their knowledge and use of 
literacy teaching strategies. The six teachers expressed positive views of the 
implementation of a focus on literacy in mathematics and science lessons but also 
noted difficulties such as time constraints. They described their growing 
understanding of literacy in content areas and noted how they infused literacy 
teaching into the delivery of mathematics and science, showing growing awareness 
of such strategies. Notably, only a small sample of six participants volunteered to 
participate in the study. Views of other students from the course on content area 
literacy, who did not volunteer, may not have been as positive. In order for 
preservice educators to build understanding from the information in the study, detail 
of the content area literacy unit was required. 
2.3 KNOWLEDGE FOR TEACHING 
The research questions (Section 1.4) include a focus on teachers’ knowledge. 
Hence, an understanding of essential knowledge for teachers was required in order to 
design a sequence of learning to enable answering of the questions. In the 1980s 
Shulman proposed a model of teachers’ knowledge (Shulman, 1986, 1987), which 
became highly acclaimed and regularly utilised in education (e.g., Frid & Sparrow, 
2009; Zevenbergen, 2005). Mishra and Koehler (2006) extended Shulman’s model to 
form the Technological Pedagogical Content Knowledge framework (Figure 2.3). It 
included content knowledge, pedagogical knowledge, and a combination of the two, 
pedagogical content knowledge, and extra categories for technological knowledge. 
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Since technologies did not play a major role in this study, reference was made to 
content knowledge and pedagogical content knowledge (shaded areas), both subject 
dependent. Technological knowledge was at times incorporated in content knowledge 
or pedagogical content knowledge, because of the importance of technology in 
contemporary teaching (Mishra & Koehler, 2006; Yook-Kin Loong, 2011).  
 
Figure 2.3. Technological Pedagogical Content Knowledge framework of teaching and learning 
(Mishra & Koehler, 2006). 
The term content knowledge is used for the “knowledge of subject matter” 
(Mishra & Koehler, 2006, p. 1020), knowledge key to teachers’ ability to teach the 
subject (Livy & Vale, 2011; S. Norton, 2010). It includes knowledge of key facts, 
concepts, and procedures, including content below and beyond the levels at which 
they teach (S. Norton, 2012). A high level of content knowledge does not mean that a 
teacher can effectively deliver mathematics to students (S. Norton, 2010), hence the 
importance of knowledge of pedagogies, pedagogical knowledge. This includes 
knowledge that applies to all subjects of practices, processes, methods, and aims of 
teaching (Mishra & Koehler, 2006). The simultaneous use of the two is seen as 
necessary for teachers (Shulman, 1986).    
As illustrated, content and pedagogical knowledge are not mutually exclusive, 
much pedagogical knowledge for a specific subject relying on content knowledge of 
the subject. The intersection between content and pedagogical knowledge, called 
pedagogical content knowledge, includes knowledge of the preparation, modification, 
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organisation, and presentation of subject content to make it comprehensible to 
learners. Pedagogical content knowledge “is the manner in which subject matter is 
transformed for teaching” (Mishra & Koehler, 2006, p. 1021), with the use of 
suitable representations, examples, explanations, and demonstrations. It comprises 
knowledge of what makes content easy or difficult for learners, and understanding of 
their misconceptions, and it encompasses building new learning on prior knowledge 
(Chick, Baker, Pham, & Cheng, 2006; Mishra & Koehler, 2006). Pedagogical content 
knowledge relies on teachers’ ability to identify and use varied and appropriate 
methods, to separate content into components, make mathematical links between 
topics and concepts (Chick et al., 2006; Livy & Vale, 2011), and identify ways of 
representing concepts in varied ways (S. Norton, 2010, 2012), such factors listed in 
Chick et al. (2006).  
Numerous Australian studies have suggested that not all preservice teachers’ 
have a thorough content knowledge, one of the reasons for the inclusion of the second 
research question (Section 1.4). Strong content knowledge is important as a 
foundation to learning. On the other hand, weak content knowledge may affect 
teachers’ confidence and efficacy (S. Norton, 2010, 2012; Zevenbergen, 2005) by, 
for instance, affecting their ability to plan effectively, use multiple representations 
and curriculum, and provide deep and challenging learning experiences. Examples of 
studies that suggested preservice teachers’ difficulty with mathematical content include 
Livy and Vale (2011), S. Norton (2010, 2012), Ryan and McCrae (2005), and 
Zevenbergen (2005). However the studies were small with little information given 
about the participant cohorts and several of the studies focused on very specific topic 
areas, with no specific focus on literacy in mathematics. In S. Norton’s (2010) study 
the questions were from a NAPLAN test focusing largely on number and algebra. The 
preservice teachers in both Ryan and McCrae and Livy and Vale’s studies were in the 
first of four years of their preparation for primary teaching in Australia, meaning that 
they still had time to expand their content knowledge of mathematics. A combination 
of the above studies raise possible concern about the content knowledge of primary 
preservice teachers in Australia, but this needs further investigation. For the purpose of 
this study focus needs to be more specifically on literacy in mathematics with 
examples of relevant studies being those by Kotsopoulos (2007) and Raiker (2002). 
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No single framework can fully depict the complex field of necessary teachers’ 
knowledge. The advantages of Mishra and Koehler’s (2006) framework are that it is 
designed for teaching and can be used in multiple subject areas. It is relatively 
simple, with essential teachers’ knowledge represented effectively in a visual way. A 
knowledge framework such as this can be used to guide observation and analysis of 
the outcomes of learning programs. However, it is best seen in combination with 
models such as the data-information-knowledge-wisdom model (Karadsheh, 
Mansour, Alhawari, Azar, & El-Bathy, 2009), which views knowledge construction 
as dynamic, extending to increasingly higher levels of knowledge, such as 
interpretation, abstraction, application of learning, or use in problem solving 
(Alryalat & Alhawari, 2008; Karadsheh et al., 2009).  
2.4 CONCLUDING STATEMENTS 
Literacy demands of mathematics are specialised, evolving, and complex, 
including challenges posed by varied semiotic systems such as symbolic, written, 
visual, and oral language. Advocated by Swanson (2010), “the intersection of math 
and language calls for lessons that simultaneously contain rigorous content, build 
conceptual understanding and develop language” (p. 522). Focusing attention on the 
range of subject-specific semiotic systems that constitute literacy in mathematics is 
crucial in mathematics teaching and a key role of mathematics teachers.  
It appears pertinent to apply strategies and pedagogies from the field of literacy 
education to literacy in mathematics. It is argued here that the balanced approach 
advocated by the FRM from literacy education (Freebody & Luke, 2003) provides an 
appropriate framework to investigate and scaffold the instruction of literacy in 
mathematics. Aligned to contemporary thinking, the model resonates the notion of 
literacy learning being a study of language in action, with use of different contexts 
and reference to social practices. In this study, a balanced program of learning on 
literacy in mathematics included focusing attention on a hybrid of four families of 
literacy practices from the FRM and all five communication modes, and making use 
of varied text formats including digital materials. 
The decision to use the FRM in the theoretical framework led to categorisation 
of literacy in mathematics according to the four dimensions of literacy practice 
identified in the model, with special emphasis on aspects of literacy in mathematics 
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that cause confusion to learners, and on instructional strategies that enhance learning 
in this regard. Important instructional strategies include vocabulary instruction, 
strategies to aid comprehension, and opportunities to discuss meaning (Friedland et 
al., 2011). Section 2.2 included a discussion of how a focus on literacy could be 
woven into the fabric of mathematics lessons to facilitate learning of symbols and 
words (Sections 2.2.3 and 2.2.4), representations and communication (Sections 2.2.5 
and 2.2.6), and problem solving and critical analysis (Sections 2.2.7 and 2.2.8).  
In order to establish preservice teachers’ knowledge of literacy in mathematics, 
an understanding of the essential elements of teachers’ knowledge was necessary. 
Mishra and Koehler’s (2006) framework, which categorises knowledge for teaching, 
was chosen (Section 2.3; Appendix E), the two important categories of knowledge 
for this study being content and pedagogical content knowledge.  
In the next chapter the theoretical framework of the study is described, the 
framework combining the FRM from this chapter with ideas from social learning 
theories, which are described in Chapter 3.  
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Chapter 3: Theoretical Framework 
The focus of the study was on fostering preservice teachers’ knowledge and 
practice in relation to literacy in mathematics, with guidance from a well-known 
model from literacy education, the four resources model (FRM). In this chapter the 
theoretical framework is developed, consisting of interwoven ideas from this model 
and from social constructivist (SC) learning theories. The framework guided the 
design and implementation of the learning sessions on literacy in mathematics. The 
teaching and learning focused on content and pedagogical content knowledge for the 
preservice teachers who were the participants. The chapter ends with an overview of 
key ideas from Chapters 2 and 3, including an overview of the selected theoretical 
framework.    
3.1 USE OF THE FOUR RESOURCES MODEL (FRM) IN 
MATHEMATICS TEACHING AND LEARNING 
In order to plan and present a balanced literacy program focusing on a broad 
spectrum of literacy practices, the FRM was chosen as a framework to aid 
understanding of literacy in mathematics. Understanding of the model was based on 
work by literacy educators Freebody and Luke, and more recently on Serafini’s (2012) 
modifications of the FRM for use on contemporary texts. Previous discussion (Section 
2.1.4) about application of the model is extended here to encompass the field of 
mathematics. In mathematics text, the four families of literacy practices take on a 
broader meaning when compared with much other text, because of the diversity of 
semiotic systems that are prevalent in mathematics. Code breaking in mathematics 
includes utilising the codes and conventions in the symbolic systems, prose, and 
different visuals and graphs. Meaning making focuses on making literal and inferential 
meaning and identifying key elements of the varied semiotic systems separately and in 
combination, based on prior knowledge and incorporation of others’ views. Text using 
refers to pragmatic competence and incorporates selection of relevant information, and 
utilisation and creation of text with mathematical content for different purposes (e.g., 
timetables), both in the mathematics classroom and in everyday life. Critical analysis is 
based on the idea that, as does any text, text with mathematical content can be 
misleading. Therefore text needs to be analysed for underlying misrepresentations. 
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Being literate in mathematics relies on developing competencies in the 
abovementioned four dimensions. Guided by the FRM and based on the discussion in 
Chapter 2 discussion, the four families of literacy practices as they apply to 
mathematics in the study are detailed below (Figure 3.1; see Quinnell, 2014a, 2014b). 
 
Figure 3.1. The four resources model as it applies to mathematics.  
Four resources heuristic as it applies to mathematics     
Code breaking in mathematics includes interpreting and generating text with focus on…  
 Mathematical symbols (e.g. π, ¼, ≥ ) and abbreviations (e.g. mm, NE, h)  (sounds, spelling, order, 
directionality, layout) 
 Words and sentences (sounds, spelling, formatting, page layout, directionality) 
 Mathematical graphs, tables and visual images (headings, axes labels, scales, keys, directionality, page 
layout, other factors e.g. colour, texture) – discussed in Section 2.2.5 
 Relationships between different semiotic systems such as written text and visuals 
 Features of electronic text such as links, searches, and filters 
Meaning making/Text participating in mathematics includes interpreting and generating text with focus on…  
 Word meanings (instruction words, lexical words, technical words, everyday language, prefixes, roots, word 
origins, synonyms, conjunctions, obsolete words, words for abstract concepts, modified word meanings) 
 Meanings of mathematical symbols and abbreviations  
 Meanings of diverse range of mathematical visual images and tables - discussed in Section 2.2.5 
 Understanding and composing text with input from others 
 Using inferences from within and without the text such as background knowledge of the of content and 
context 
 Interpreting and generating linear, non linear, non interactive, interactive text 
 Locating key ideas, filling in the gaps, using story maps, reading and retelling, considering the audience, 
making meaning from a combination of textual information such as graphic information, diagrams, and 
symbols 
 Generating text with focus on key ideas, including text containing different semiotic systems  
Text using in mathematics includes interpreting and generating text with focus on… 
 Talking, listening, reading, viewing and writing 
 Understanding of content, context, purpose, audience, significance, implications of text with mathematical 
content- not just a set of stated skills  
 Recognising and using varying structures and features in text with mathematical content  
 Interpreting problems in problem solving 
 Using and composing different text-types such as tables, graphs, maps; including everyday text such as 
timetables, accounts, maps and text from different cultures 
 Presenting and understanding text with various structures and features (writing checks, reading newspapers, 
following instructions, finding information in maps or visuals); including text containing multi-semiotic 
systems 
Critically analysing in mathematics includes interpreting and generating text (including mathematical visuals, 
tables, and combinations of semiotic systems) with focus on…  
 Understanding that texts (with mathematical content) are written for set purposes and may influence readers 
in various ways 
 Establishing whether a text (with mathematical content) is true, fair, biased, misleading, or whether anything 
is omitted  
 Understanding of the use of particular words or diagrams to convey specific messages 
 Establishing the facts/opinions, views, author’s background, reason for writing, other views 
 Understanding of different ways of presenting the same set of information or construction of text with 
different points of view (e.g., use of different graphs, tables or mathematical visuals, headings, choice of 
words, choice of colours) 
 Text analysing depends on readers understanding of the context 
(The four resources apply to written, spoken, visual, and multimedia text) 
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As stated by Freebody and Luke (2003), “The four roles model offers a 
straightforward heuristic framework that can highlight the dynamic and tricky 
relationship between theory and practice” (p. 58). To ensure focus on a broad 
spectrum of literacy practices, all four overlapping and interwoven dimensions of the 
FRM require consideration when diverse text in varied formats and modes including 
written, spoken, visual, and multimedia text are examined.  
Use of the FRM in the learning program was supported by social learning 
theories in the classroom environment, as discussed in the next section.  
3.2 THE OVERLAP OF SOCIO-CULTURAL AND SOCIAL 
CONSTRUCTIVIST IDEAS 
Individually, we are one drop. Together, we are an ocean.  
Ryunosuke Satoro 
Since the 1990s there has been a movement from traditional teaching methods 
towards strategies that put an emphasis on collaborative construction of knowledge 
(Kalantzis & Cope, 2005). Traditional methods viewed learners as largely passive 
and included rote learning and practising skills (Kalantzis & Cope, 2005), with a 
large portion of time spent working individually on set tasks (Boaler, 2003). This and 
the traditional role of the teacher as the font of all knowledge limited meaningful 
engagement in the classroom (Baguley et al., 2010). Alternatively, social learning 
theories, the foundations of which were laid by Russian psychologist Vygotsky 
(1978), stressed the importance of learners building knowledge in a social setting 
supported by scaffolding from others. This “avoids the idea that individual cognition 
is the sole generating force in knowledge construction and espouses the view that 
knowledge is a cultural or negotiated artefact generated in cooperation and 
understanding with others” (Hyslop-Margison & Strobel, 2008, p. 81). Methods 
guided by social learning theories put an emphasis on learner-centred practices and 
collaboration, with an incorporation of verbal discourse, group work, and inquiry 
learning, all requiring students to be actively engaged in tasks (Boaler, 2003).  
Mathematics teaching and learning has followed the movement towards 
increased collaborative learning, which is now advocated by many mathematics 
educators in Australia and New Zealand (e.g., Frid & Sparrow, 2009; Hunter, 2007; 
Vale, Weaven, Davies, & Hooley, 2010). These educators advise that mathematics 
teachers break the “cycle of tradition”, and move towards collaborative methods 
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(Frid & Sparrow, 2009, p. 36). This relies on teachers mastering an understanding of 
the theoretical background that frames social learning and pedagogical approaches 
based on such ideas.  
For a number of reasons, a decision was taken to combine use of the FRM with 
social learning theories, a combination of which would form the theoretical 
framework for the study. While the FRM of literacy education provides a framework 
that outlines essential literacy practices, it gives no guidance about pedagogies, thus 
guidance was needed to direct the teaching and learning. Since preservice teachers 
are preparing to teach in school settings, they require an expanded understanding of 
collaborative methods now common in schools, including in mathematics teaching. 
Strategies guided by such ideas have been used successfully in preservice teacher 
education (e.g., Conrad & Stone, 2015), supporting their use in this study, which 
focused on the preservice sector. Further, the socio-cultural nature of the FRM (see 
Freebody, 1992) aligns with the social and cultural ideas expressed in Vygotskian 
learning theories (see Vygotsky, 1978). Questions levelled at objectivity and 
individualism are also common in critical pedagogies, seen in the focus on critical 
analysis in the FRM (Matthews, 2000). Hence, together with the FRM, social 
learning theories became part of the theoretical framework to guide the teaching and 
learning.  
An environment guided by social learning theories in which communication is 
encouraged is an ideal place for preservice teachers to practise and become familiar 
with literacy in mathematics. As noted by Harris et al. (2006) and Luke and 
Freebody (1999), social interaction and discussion aid construction of literate 
knowledge. The term literacy practices used by Luke and Freebody (1999) is 
indicative of active and dynamic practices undertaken by learners in social fields, 
with emphasis in literacy learning being placed on collaborative, varied, and 
changing cultural practices. “While literacy is an aspect of an individual’s history, 
capability, and possibilities ― it is also a feature of the collective or joint capabilities 
of a group, community or society” (Luke & Freebody, 1999, p. 6). Rather than a 
basic model concerned with decoding texts, the four resources model refers to the 
construction of meaning and the analysis of texts by readers in socio-cultural 
contexts (Serafini, 2012). The view of readers constructing meaning, was further 
elaborated by Serafini (2012) who drew attention to the possibility of different 
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meanings being constructed by different readers, based on their prior knowledge and 
experience. The emphasis in social learning theories on generating and interpreting 
text in a social setting aligns with much contemporary literacy teaching (Harris et al., 
2006; Wood, 2002) and the Australian Curriculum Mathematics (ACARA, 2013b). 
In the learning sessions in this study literacy competencies were developed in a 
collaborative setting in which text interpreters and generators participated and 
collaborated whilst breaking codes, making meaning, using text for different 
purposes, and establishing the truth in text. The social nature of the setting would 
make possible the identification of learner difficulties related to literacy in 
mathematics, at times linked to immature mathematical understandings.   
For the purpose of this study, an understanding of social learning theories was 
the key to implementing a program based on this epistemology. This required an 
understanding of the overlap of ideas portrayed in Vygotsky’s (1978, 1936/trans. 
1997) socio-cultural learning theories and in work by educators who extended 
Vygotsky’s theories into the realms of social constructivism. They included 
influential American educator Bruner’s later work (Bruner, 2006a, 2006b), and work 
by educators such as Orlofsky (2001), who demonstrated that Bruner’s theories that 
initially applied to children’s learning could be applied in the preservice sector. 
Orlofsky advocated that teachers be exposed to theories they would find useful in 
school settings, stating, “We teach as we are taught” (p. 6). Teaching strategies that 
are modelled in preservice education become a foundation for strategies that can be 
used in schools. Because preservice teachers are preparing to teach in schools, key 
literature pertaining to teaching in preservice education and school sectors was 
utilised to inform the learning session design. In particular the chosen literature 
focused on the area of overlap between socio-cultural and social constructivist 
traditions namely on knowledge construction in social settings and on scaffolding of 
learning. Herewith in this research a combination of ideas from both traditions will 
be referred to under the banner of social constructivism (SC).  
Enhanced by social interactions, learning results when students actively 
construct knowledge by building on prior knowledge and experience (Bruner, 2006a; 
Twomey Fosnot & Perry, 2005; Vygotskiĭ, Davidov, & Silverman, 1997), during 
processes in which they discover patterns and relationships, reflect on actions, find 
explanations, and modify ideas (Schifter, 2005; Twomey Fosnot, 2005). Learning 
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based on SC “is a constructive activity that students themselves have to carry out” 
(von Glasersfeld, 2005, p. 7). Thereby, students “come to see mathematics as the 
living discipline it is, with themselves a part of a creative constructive mathematical 
community, hard at work” (Twomey Fosnot & Dolk, 2005, p. 191). They draw 
subjective meanings from their experiences in the process of constructing 
understanding, therefore perceptions of individual learners must be understood with 
reference to variables such as culture, history, and language (Willig, 2001). The 
meanings constructed by students may, according to von Glasersfeld differ widely 
“from those intended by the educators” (2005, p. 7). 
Together with a framework of essential literacy practices outlined in the FRM, 
key ideas from social learning theories, namely collaborative learning, scaffolding of 
learning, and reflective learning, became central to the learning program (Figure 3.2), 
as discussed in the following sections.  
 
Figure 3.2. Depiction of theoretical framework for the study.  
Theoretical Framework
Four Resources Model and Social Constructivism
Code 
Breaking
Teaching and learning 
guided by social 
constructivist ideas
•Collaborative Learning
•Scaffolding
•Reflective Learning
•Concept mapping
Meaning 
Making
Text 
Using
Text 
Analysing
 Chapter 3: Theoretical Framework 103 
3.2.1 Collaborative learning 
Vygotsky (1978) perceived social and cultural interaction, language, and 
cognitive development to be linked, social and cultural interaction and language use 
being precursors of learning. Social encounters in which the learner jointly constructs 
meanings with others were believed to enhance learning. Language was seen as a 
means for learners to organise their thoughts and perceptions and modify their 
actions (Bruner, 1986; Vygotsky, 1936/trans. 1997), leading to development 
(Vygotskiĭ et al., 1997). “Thought is not merely expressed in words; it comes into 
existence through them” (Vygotsky, 1936/trans. 1997, p. 218). Vygotsky (1978) 
argued that external interactions and dialogues aided learners to reshape their ideas, 
which became internalised to form inner thinking. The plausible view that learning is 
enhanced when learners are actively involved through social interactions and 
discourse has become widely accepted (Mercer & Sams, 2006), although some 
learning can happen without spoken language and social encounters.  
Many educators, including Bruner, have endorsed Vygotsky’s ideas and 
reinforced the notion that social interactions contribute to cognitive development. 
Bruner’s later work stressed the cultural and social aspects of learning (Bruner, 
2006a, 2006b), and the importance of learners actively constructing knowledge 
(Bruner, 2006a). Bruner (2006b) became increasingly convinced of the importance 
of learners building knowledge in a community in which views and understandings 
were shared. Bruner (2006a, 2006b) advocated that the learning process should be as 
independent from the facilitator as possible, the facilitator choosing and monitoring 
engaging activities and at times facilitating active dialogue. Echoing ideas from 
Vygotsky (1978) about the close link between language use and cognitive 
development, Bruner (2006b) suggested that knowledge is built through the use of 
language evident in his statement: “Language not only transmits, it creates or 
constitutes knowledge or ‘reality’” (p. 89). Learning in a collaborative environment 
is advocated by educators in the teaching of literacy (e.g., Harris et al., 2006; Ross & 
Frey, 2009), mathematics (e.g., Hunter, 2007; Schleppegrell, 2007), and mathematics 
preservice education (e.g., Frid & Sparrow, 2009; Zevenbergen, 2005). Aligned to 
these ideas, collaborative learning became key to the learning in this study. 
The term collaborative learning requires clarification. In the study it is used for 
learning that occurs when learners contribute to the joint construction of knowledge 
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(Ruys, Van Keer, & Aelterman, 2010), by calling on their prior knowledge and 
skills. An example involves learners producing a group response to mathematical 
problems, and in the process aiding each other, justifying, explaining, and sharing 
ideas, and exposing similarities and differences of opinion (Brown, 2005), a process 
well described with an example by Ross and Frey (2009). However, collaborative 
learning is varied, and is used in different settings and contexts.  
The stated benefits of collaborative learning suggest the importance of 
modelling collaborative strategies in preservice education. In studies on school 
mathematics teaching, collaboration has been seen to encourage students to become 
actively engaged (Raiker, 2002; Rowe & Bicknell, 2004), and result in an increase of 
higher order cognitive talk with indications of improved confidence (Rowe & 
Bicknell, 2004). Some studies in mathematics have pointed to collaboration leading 
to improved learning (e.g., Mercer & Sams, 2006). In literacy teaching, Ross and 
Frey (2009) described the benefits of collaborative learning in terms of consolidating 
language use and understanding, and Wood (2002) stated that, “collaborative work 
enhances a literate product, because it has the benefit of multiple experiences” (p. 
16). Collaborative work has been linked to improved attitudes to learning 
(McInerney & McInerney, 2006), and the ability to collaborate is an important life 
skill (Brown & Renshaw, 2006). 
Dialogue is an important part of collaboration. Through interactions, dialogue, 
and debate learners are able to access mathematical knowledge and construct 
meanings (Hunter, 2010; Schleppegrell, 2007), which result when language is shared 
(Vygotsky, 1936/trans. 1997). During dialogue individuals may scaffold each other’s 
learning, as dissention followed by collective reasoning results in a movement 
towards consensus (Hunter, 2010). Discourse in groups differs from discourse during 
whole-class dialogue, the teacher able to scaffold learning of content, such as 
understanding of the technical language of mathematics in class discussion. This 
suggests that collaborative work and teacher-led discussion are complementary parts 
of a lesson (e.g., Raiker, 2002; Section 2.2.6 Speaking and listening). Collaboration 
in mathematics has been shown to encourage children to express thoughts, reasoning, 
anxiety, ideas of success, and misconceptions, much of which would not occur in the 
whole-class dialogue (Raiker, 2002).  
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Learning collaboratively may be especially useful for adult learners including 
preservice teachers, and may be implemented in various ways. Adult learners have a 
range of experiences and knowledge, and may enjoy working collaboratively, 
sharing their communal knowledge, and taking onus for their own learning 
(Chamberlin, 2009; Frid & Sparrow, 2003, 2004, 2009). Referring to Bruner’s 
works, preservice educator Orlofsky (2001) stressed the value of collaborative 
learning and stated that pride grows from collaboration, which puts a value on 
learners’ prior knowledge. She expounded the benefits of tasks in which learners are 
required to use group knowledge, reasoning, and logic. Collaboration allows teachers 
to learn by helping each other, each bringing unique knowledge to a task and creating 
their own learning (Zevenbergen, 2005), ideas evident in Chamberlin (2009). The 
teachers in Chamberlin’s study believed that collaboration with others during 
mathematical tasks supported their learning and exposed them to others’ enthusiasm 
and alternative methods, supporting their statements about their intended use of 
student-centred methods in their teaching. Collaborative learning has been 
implemented in different ways in mathematics in preservice and adult education 
(e.g., Chamberlin, 2009; Ryve, 2004; Zevenbergen, 2004, 2005). An example is the 
collaborative construction of concept maps, in which learners’ dialogue can be 
analysed for productive mathematical discourse (e.g., Ryve, 2004). 
As for instruction in primary levels, teaching of adults can benefit from a 
combination of individual work, teacher-led discussion, and student collaboration. 
Such ideas are based on Vygotsky’s (1978) notions of intrapersonal and interpersonal 
activities, intrapersonal activities encouraging learners to think and form individual 
ideas, which complement peers’ ideas in interpersonal or collaborative activities. Such 
notions are echoed in the think-pair-share strategy in which individual work is 
followed by group work then class discussion (Chamberlin, 2009). Based on Lyman 
(1992) this strategy is recommended by mathematics and science educators (e.g., 
Rowe & Bicknell, 2004; Vanides, Yin, Tomita, & Ruiz-Primo, 2005), a combination 
of individual work, group work, and classroom discussion often evident in teaching 
(e.g., Renne, 2004). Among other reasons, teacher-led discussion is necessary because 
some students have limited ability to communicate effectively with their peers (Ryve, 
2004; Section 2.2.6), an idea exemplified by Pirie (1998). 
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Although learning can be enhanced through collaboration, implementation of 
collaborative learning presents challenges (Section 3.2.5). To enable teachers to 
successfully apply collaborative learning in their lessons, they need exposure to such 
strategies in preservice education (Ruys et al., 2010; Young & Knestrict, 2012). 
Examples of collaborative pedagogies for mathematics have been discussed 
(Sections 2.2.6, 2.2.7), some of which were used or modelled for the preservice 
teachers in the learning sessions. Such methods were complemented by scaffolding, 
as discussed below. 
3.2.2 Scaffolding of learning 
The concept of scaffolding of learning is inherent to the work by Vygotskiĭ et 
al. (1997). Scaffolding of learning refers to support given to aid learning, and is 
linked to collaborative learning, since it is through social interactions that scaffolding 
occurs (Vygotsky, 1978). Learning is perceived to occur in the zone of proximal 
development (ZPD), an idea described by Vygotsky (1978, p. 86). The ZPD is the 
band in which a learner is unable to perform a task unaided but able to complete the 
task with scaffolding from others (Vygotsky, 1978), the upper limit of the band being 
the learner’s potential development level. Learning is said to occur in the zone when 
knowledge is transmitted by language from a more knowledgeable person, who has a 
higher level of understanding than the learner, to the learner (Bruner, 1986; Wood, 
Bruner, & Ross, 1976). Successful scaffolding depends on an appropriate amount of 
support being given in an environment that supplies the optimal level of challenge. 
The concept of the ZPD implies that learning should be pitched within the zone so as 
to be challenging but not beyond the learners’ grasp. Learners need to be guided into 
and through the ZPD by engagement with appropriate activities provided by the 
teacher. Scaffolding is gradually withdrawn as the learner becomes more competent 
and able to complete similar tasks unaided (Hammond & Gibbons, 2001). 
Vygotsky’s early death meant that the concept of ZPD was inadequately articulated.  
Scaffolding of learning has however been explored and extended by other 
educators. Wood et al. (1976) presented and elaborated on steps to scaffold 
children’s problem solving including focusing attention on key features of a task, and 
modelling possible solutions. Bruner (2006a, 2006b) suggested that learning could be 
scaffolded by: following a series of steps to assist learning, focusing learners’ 
attention on crucial issues, promoting negotiation, simplifying learning, modelling 
 Chapter 3: Theoretical Framework 107 
solutions, and ensuring learner engagement. Holton and Clarke (2006) investigated 
scaffolding in mathematics, defining it to be “teaching that (i) supports the 
immediate construction of knowledge by the learner, and (ii) provides the basis for 
the future independent learning of the individual” (p. 131). Scaffolding can be 
provided by the teacher or others, or even through self-scaffolding, which is similar 
to metacognition (Holton & Clarke, 2006). According to Ferguson and McDonough 
(2010), “scaffolding is a complex process often requiring the teacher to make ‘in the 
moment’ decisions to respond to individual student understandings” (p. 183).  
Because scaffolding would play a key role in the learning sessions in the study, 
it was important to glean knowledge from literature about scaffolding practices, a 
summary of which is included in Figure 3.3. Scaffolding practices have been 
described by literacy educators (e.g., Dansie, 2001; Hammond & Gibbons, 2001) and 
mathematics educators (e.g., Holton & Clarke, 2006; V. R. Jacobs & Ambrose, 
2008/2009; McCosker & Diezmann, 2009), the importance of scaffolding learning 
evident in the comparison of the three teachers’ methods in Boaler (2003). Key ideas 
are that scaffolding can be provided at the macro-level by goal-setting and planning, 
or at the micro-level by task selection and ordering, catering for diversity, pacing of 
learning and best timing for withholding support (Hammond & Gibbons, 2001).  
Micro-level scaffolding can be designed into lessons or provided 
spontaneously when needed, called point-of-need scaffolding (Sharpe, 2001). 
Designed-in scaffolding is incorporated into learning through, for example, forming 
links to prior knowledge (Hammond & Gibbons, 2001), or using steps to aid 
learning. Examples in mathematics include Bruner’s (2006a) three stages of 
representation, and scaffolding steps by Meaney et al. (2009; see Figure 3.3). The 
steps described by Meaney et al. are similar to those effectively articulated by Ross 
and Frey (2009), a process that follows a gradual movement towards increasingly 
independent work by the learner. Examples of designed-in scaffolding in 
mathematics are scaffolding conversations (e.g., Hunter, 2006, 2007; Zazkis et al., 
2009) in which learners are asked to elaborate on their answers, rephrase questions, 
justify statements, or provide counterexamples (Holton & Clarke, 2006), and in 
which cautious use of questioning is stressed, examples including questions about 
how the answer was obtained or what would follow (Ferguson & McDonough, 
2010). Other examples of scaffolding in mathematics include assessing knowledge 
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(Hunter, 2007), use of carefully selected tasks that are open-ended and unambiguous, 
use of heuristics to promote learner independence, and use of learning devices 
(Holton & Clarke, 2006). Scaffolding can take the form of vocabulary learning 
strategies (e.g., graphic organisers, Dunston & Tyminski, 2013), use of diagrams to 
encourage visualisation in learning (Chamberlin, 2009; Zevenbergen, 2005), 
discussion of student errors (Ryan & McCrae, 2005), use of concept maps (Ryve, 
2004), and finding multiple solutions to realistic problems (Zevenbergen, 2005). 
Scaffolding in this study is depicted in Figure 3.3 (see too Section 3.3). 
 Chapter 3: Theoretical Framework 109 
 
Figure 3.3. The process of scaffolding. 
Scaffolding (supports immediate construction of knowledge and 
future independent learning – Facilitated by teacher, peers or learner)
• Need for correct amount of support
• Need for correct level of challenge
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Setting clear goals
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• Choice of tasks
• Order of tasks
• Pace
• Catering for diverse needs
• Timing to withhold 
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Effective pedagogies
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• Simplification
• Modelling
• Recapping
• Correcting misconceptions
• Use of manipulatives
• Linking learning
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• Clarifying given information
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• Justifying
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• Supplying full answers
• Avoiding simply providing answers
Scaffolding in this study:
1. Think-pair-share activities:
Chamberlin (2009)
2. Scaffolding steps:
Bruner (2006a) stages of representation:
• Enactive stage
• Iconic stage
• Symbolic stage
Meaney et al. (2009) steps:
• Building the field
• Modelling task by teacher
• Joint construction
• Independent student work
van Garderen (2004) steps for problem solving:
• Reading, clarifying, questioning, summarizing, 
planning
3.  Focusing on misunderstandings
• Ryan and McCrae (2005)
4. Scaffolding conversations
• Ferguson and McDonough (2010)
5. Linking and extending ideas 
• Bruner (2006a); Dunston and Tyminski (2013)
6. Concept mapping
• Ryve (2004)
7. Use of heuristics
• Holton and Clarke (2006)
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Teachers require understanding of successful and unsuccessful scaffolding 
practices. Supplying answers, encouragement that does not promote student thinking, 
and use of ambiguous tasks are inappropriate means of scaffolding learning, and not 
all conversations scaffold learning (McCosker & Diezmann, 2009). Scaffolding 
processes that follow a rigid script may be less successful than less rigid scaffolding 
that relies on teachers developing individual scripts (Hunter, 2010). This appears 
logical when the diversity of learners and teachers is considered. Only flexible 
scaffolding practices, which allow learning to be constructed in varied ways, would 
cater for the diversity and creativity of teachers and learners. 
Being well-informed with a diverse knowledge of scaffolding practices enables 
a teacher to provide depth to learning and utilise alternative methods, hence deliver 
more effective instruction (Holton & Clarke, 2006). It is necessary for teachers to 
develop scaffolding strategies for use in school classrooms, and there is no reason to 
doubt that many scaffolding strategies that apply to school teaching apply likewise in 
preservice education, with more emphasis on methods that encourage independent 
learning and challenge students to take onus for their own learning (Frid & Sparrow, 
2009). In this study the aims of scaffolding were to enhance participants’ content and 
pedagogical content knowledge, thereby placing them in a better position to enhance 
the learning of literacy in mathematics in their teaching. 
This leads to a discussion of reflection on learning, an element of the SC 
approach and sometimes linked to self-scaffolding (Holton & Clarke, 2006).  
3.2.3 Reflecting on learning 
The value of reflective practice in education is based on the idea that personal 
learning can be increased by learners who are encouraged to modify and improve 
their own practice. Through reflection learners become metacognitive, meaning that 
they analyse how they are learning and thinking and how these processes can be 
improved (Bruner, 2006b). This leads to revised methods or avoidance of aspects of 
practice that may confuse learners, which has the potential to enhance teacher 
efficacy (J. Edwards & Huntley, 2014).  
The benefits of reflective practice have become widely valued in education, 
including teacher education. It is considered to encourage learners to refine their 
thoughts and understanding (Bruner, 2006b; Ferraro, 2000). Korthagen and Wubbels 
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(2001) referred to their study in which more than half of 129 graduate and preservice 
teachers stated that reflective teaching resulted in learning. Reflection illuminates a 
teacher’s views and understandings of content and pedagogies, which can impact on 
personal skills and efficacy in teaching (J. Edwards & Huntley, 2014). They are 
useful for encouraging preservice teachers to challenge educational theories and 
discuss their views of teaching (Ferraro, 2000), and can encourage learners to 
become more engaged and focused on their learning (DEST, 2004a). Korthagen and 
Wubbels (2001) revealed some evidence that teachers who had been encouraged to 
reflect expressed a higher level of job satisfaction and better relationships with their 
students than other teachers. Other studies by Hughes and Petersen (2003) and Keast 
(2003) showed that reflective practices of individual teachers generated development 
in the teachers. In both cases, reflection alone may not have generated change 
without being driven by a theory-based perspective. More longitudinal data are 
needed to provide evidence of the long-term value of reflective practices. 
Reflecting on learning can be used to encourage learners to link theory and 
practice. Reflective practices empower learners in their selection and control of 
knowledge, providing direction for acting strategically rather than spontaneously 
(Bruner, 1986), and establishing “grounds for choices and actions” (Shulman, 1987, 
p. 13). This is important in dynamic and varied classroom situations, in which 
teachers need to adapt, make instantaneous and crucial decisions, and advance or 
refresh their practice (J. Edwards & Huntley, 2014). Such crucial adaptions rely on 
teachers’ knowledge. A combination of learning from experts, development of new 
skills, and changes in practice based on expanding self-awareness and engagement in 
learning, are necessary parts of preservice education. 
Reflective practices are a part of many teacher education programs (e.g., 
Chamberlin, 2009; Ferraro, 2000; Frid & Sparrow; 2003, 2004, 2009), and are 
widely acknowledged to have benefits in preservice teacher education (Korthagen & 
Wubbels, 2001). Teacher development is now viewed as occurring throughout a 
teacher’s career (J. Edwards & Huntley, 2014), during which time connections are 
made to prior knowledge of theories, ideas, and experiences of life, and to classroom 
ideas (McInerney & McInerney, 2006). Reflective learning encourages responsible 
and independent learning (Frid & Sparrow, 2009; Orlofsky, 2001), hence, it makes 
lifelong development possible. In the process, learners are viewed as capable beings 
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who are able to identify and correct their own ideas. With the help of reflection, 
preservice teachers can be encouraged to take “responsibility for their own 
professional growth” (Korthagen, 2001a, p. 53) and modify their practice (p. 53). 
This follows Shulman’s (1986, 1987) advice that teachers be encouraged to reason 
and reflect about their teaching and practice, using a good knowledge base to direct 
action, and not simply to follow prescribed ways. Korthagen’s (2001a) statement is 
consistent with ideas in Frid and Sparrow (2003, 2004, 2009), which propound the 
benefits of preservice teachers becoming their own change agents and taking onus 
for their own learning through the process of critical reflection. These were all 
significant ideas for teacher development programs and more specifically for the 
learning sessions in the study.   
There are possible downsides of reflective learning. As with most change, 
reflective behaviour may need gradual introduction with an effort made to identify 
preservice teachers who need most guidance (Korthagen & Wubbels, 2001). 
Korthagen and Wubbels’ (2001) longitudinal study of 18 preservice teachers 
indicated that the less independent preservice teachers who required help and 
guidelines to evaluate and analyse problems had a high attrition rate from the teacher 
education program, appearing to struggle with the “lack of structure” (Korthagen & 
Wubbels, 2001, p. 99). Korthagen and Wubbels (2001) suggested that those 
individuals may have benefitted from a “gradual introduction to the reflective 
approach” (p. 99). Frid and Sparrow (2009) too suggested the need for gradual 
introduction of reflective practice, including challenging of ideas, rather than 
imposing change on preservice teachers. Although more evidence is needed to 
confirm this, it is seemingly logical that change is best introduced gradually and that 
some students will adapt to change more easily than others. Reflective practices are 
also time consuming, meaning that decisions need to be made as to whether time is 
best spent on reflections or on a greater emphasis, for instance, on teachers’ content 
knowledge.  
To avoid superficial reflections that merely focus on looking back at learning, 
deep reflection is needed with the aim of transforming practice. This is evident in the 
model proposed by Ward and McCotter (2004) and in Chamberlin’s (2009) study. 
Chamberlin promoted teacher reflection in mathematics by getting teachers to reflect 
on what helped/hindered their learning in a program, and how their learning would 
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influence their future teaching. The benefit of teachers reflecting on their learning in 
terms of impact on their teaching is that it incorporates elements of both content and 
pedagogical knowledge and results in stronger reflection statements that refer to both 
(Chamberlin, 2009), an example included by the author. Such reflections enhance the 
chance of learning being used in future teaching hence avoiding the pitfall of 
teachers teaching as they were taught (Chamberlin, 2009). The three reflection 
questions used by Chamberlin were modified for this study (Appendix F).  
The process of recording reflections in a portfolio increases the likelihood that 
the contents are recalled in the future. Portfolios have been used successfully to 
support preservice teacher education, providing a location for the collation of 
documents that can be used to foster reflection and map development. Examples of 
portfolio use can be found in Frid and Reid (2002) and Frid and Sparrow (2003, 
2004), studies that provided ideas that were adapted for this study. Portfolio 
development can incorporate articulation of knowledge and skills, and an ability to 
think critically and justify ideas, as well as encouraging a commitment to ongoing 
learning and change (Frid & Sparrow, 2003). In Frid and Sparrows’ (2003, 2004) 
studies, a total of about 200 preservice teachers collated documents for individual 
portfolios, including work samples, reflection sheets, and teacher feedback. The 
importance of feedback was stressed by Frid and Sparrow (2004), who claimed that 
the feedback received from teacher and peers aided, in particular, the academically 
weak students. Stated by Frid and Sparrow (2003), the preservice teachers’ 
confidence and knowledge, capacities to articulate and justify ideas and to connect 
theory and practice, and the value that they placed on reflection were positively 
influenced by the use of portfolios. The studies pointed to benefits of the use of 
portfolios as a pedagogic tool in preservice teacher education. However, there was no 
indication of what other factors may have affected the participants’ development and 
the studies did not investigate the long-term effects of the use of portfolios on the 
participants. Specific details of the nature of the tasks in the portfolios were not 
provided and although Frid and Sparrow (2004) claimed that the use of portfolios led 
to teacher empowerment, examples to illustrate the empowerment were not included.  
Summing up, promotion of reflective learning by teacher educators can aid 
students to identify their learning requirements and encourage independent learning. 
If thoughtfully used, portfolios can provide a way of fostering such reflections. 
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Through reflection, with the purpose of analysing pedagogical failures and successes, 
it is possible for preservice teachers to transfer knowledge between situations, 
resulting in self-improvement and empowerment (Orlofsky, 2001). Reflective 
practices are best used gradually with little early intervention by teacher educators in 
students’ learning processes (Korthagen, 2001b). Relating to Orlofsky’s (2001) 
advice that teachers should define their reasons for teaching and goals in teaching, 
reflective learning makes it possible for them to compare their learning with the 
reasons and goals. Consistent with Korthagen and Wubbels’ (2001) views, the above 
discussion points to the importance of developing reflective skills with preservice 
teachers before they embark on teaching.  
Blending well with SC ideas of collaboration, scaffolding and reflective 
learning, the teaching strategy concept mapping, which is a tool that can assist 
linking of learning, was integrated with the theoretical framework in the study. 
Discussion of the teaching strategy follows. 
3.2.4 Concept mapping 
The importance of linking knowledge is inherent in SC ideas, including 
forming links to prior knowledge (Bruner, 2006a; Vygotskiĭ et al., 1997). This aligns 
with the teaching strategy concept mapping, which as described by science educators 
Novak and Cañas (2008) was founded on Ausubel’s learning psychology and 
perceived learning as taking place by assimilation of ideas into existing frameworks. 
The process encourages the discovery and construction of connections and patterns 
in learning (Bruner, 2006a), and can be implemented in collaborative settings (Ryve, 
2004).  
Concept maps consist of nodes containing words and ideas, and linking lines 
connecting the ideas. Various shapes may be used to represent different levels of the 
nodes, with linking words incorporated between the nodes. Concepts are organised 
from the most general to the most specific. Figure 3.4, as an example, comprises a 
main node concept maps linked to two uses, learning and assessment, the concept 
map limited by the fact that it excludes linking words. Concept map structures vary 
and include network, circular, tree, linear, and hub (in which concepts originate at a 
central theme; Vanides et al., 2005).  
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Relating to a range of benefits, concept mapping has been advocated and is 
widely used to enhance learning and aid assessment (Figure 3.4). Concept maps can 
be used to depict content, scope, sequence and relationships (Novak & Cañas, 2008; 
Vanides et al., 2005). They may be especially useful when teaching difficult or large 
topics, offering the potential to complement the working memory, which can only 
deal with a limited amount of different information simultaneously (Novak & Cañas, 
2008). The visual nature of the image means that a large amount of data can be 
simplified or summarised on concept maps, aiding recall. A move away from 
teaching focusing on small-picture learning with little connectivity, concept maps 
allow the big picture to be viewed. Concept maps can be viewed as a scaffold or first 
step of a learning process (Miller et al., 2009). Moreover, they can be used to 
encourage students to articulate and modify their thoughts in the process of co-
construction of concept maps (e.g., Ryve, 2004). 
 
Figure 3.4. Benefits of using concept maps in teaching, learning, and assessment (based on McInerney 
& McInerney, 2006; Miller et al., 2009; Novak & Cañas, 2008; Vanides et al., 2005).  
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There are downsides of using concept mapping. Their use is dependent on the 
learner’s ability to work with such representations (Vanides et al., 2005), and on 
learners’ prior knowledge of data and how they are connected. Some scholars see 
concept mapping as simplistic (Orlofsky, 2001), which may be true. According to 
Bruner (2006a), flowcharts, maps and other representations, which translate 
linguistic knowledge into visual form, have limitations (Bruner, 2006a). However, 
they provide a first step for integrating knowledge, which then needs to be followed 
with the development of “higher-order techniques for processing information” 
(Bruner, 2006a, p. 87). If concept maps are used to stimulate explanations of the 
content of the map or to stimulate reflection about learning (Miller et al., 2009), an 
element of deeper thinking is introduced, and the process of the internalisation of the 
new knowledge is encouraged (Vygotsky, 1978). 
To ensure effective use of concept maps, educators require knowledge of their 
use. The use should begin with familiar topics (Novak & Cañas, 2008) to introduce 
learners to the tool (Vanides et al., 2005). Based on Novak and Cañas (2008) and 
Vanides et al. (2005), steps can be formulated to aid the design of concept maps. The 
key concepts/terms are listed then ranked from most general to most specific, then a 
preliminary concept map is drawn. Subsequently cross links and linking words are 
added (which Novak and Cañas stated is the difficult part of the process), then the 
concept map is revised. Novak and Cañas suggested constructing concept maps 
according to a focus question, and in order to encourage individual reflection and 
engagement, Vanides et al. advocated that concepts maps are first drawn 
individually, then compared and revised in groups then in class discussion.  
Concept maps can be used in varied ways. They can be built on a constrained 
process, in which case a set of words is supplied to aid map construction, or on an 
open-ended process, in which case no words are supplied (Miller et al., 2009, 
p. 366). Teachers can use expert skeleton concept maps to introduce, scaffold, 
organise, aid, or guide learning of difficult topics (Novak & Cañas, 2008). Raiker 
(2002) described a lesson that began with learners being asked to draw a spider 
diagram of the important words in a topic, linked to a focus word. This provided an 
indication of prior knowledge. At the end of the lesson learners extended their 
diagrams to show their new understandings. McInerney and McInerney (2006) 
described an example in which learners wrote key concepts for a topic onto 
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rectangles of paper, followed by organising and reorganising the rectangles into a 
hierarchy from the most general above to most specific below, with thinner 
rectangles used for linking words between concepts. The learners were given the 
option of discussing and modifying their concept maps. These are sound ideas for the 
use of concept maps in the current study.    
Concept maps have been successfully used in adult learning (Ryve, 2004) and 
in preservice education (Orlofsky, 2001). They are viewed as a way of encouraging a 
transfer of knowledge by linking concepts and curriculum areas. This provides a way 
of minimising problems such as those described by Orlofsky (2001) who bemoaned 
the fact that learners are often “unable to move gracefully from one concept to 
another” (p. 38), blaming this partly on teacher education courses. She suggested a 
movement away from superficial learning to interconnectedness in learning, 
advocating the use of concept mapping.  
3.2.5 Implementation of learning based on social constructivism (SC) 
In order to implement the SC approach in teaching and learning, teachers 
require knowledge of the effective implementation of SC ideas and of criticisms that 
have been levelled at this approach. A theory of learning not teaching, SC offers 
insight into the design of teaching practice that assists knowledge construction. A SC 
perspective influences the choice of learning activities, types of interactions and 
questions, and ideas pursued. Methods based on SC ideas include exploration of 
mathematical ideas, problem solving, active learning, reasoning and communication. 
An analysis of work such as Betts and Crampton (2011), Renne (2004), Schifter 
(2005), and Twomey Fosnot (2005) provides an understanding of ways in which SC 
ideas may be used to inform pedagogical practices. The works reveal strategies that 
encourage student methods and ideas, embrace multi-methods, and are non-
prescriptive in that lessons are student-centred (Schifter, 2005; Twomey Fosnot & 
Dolk, 2005). Dialogue, reflections, and contradictions are used to facilitate learning 
(Renne, 2004; Schifter, 2005), and challenging the learner and justification of ideas 
by learners is stressed (Hyslop-Margison & Strobel, 2008). Evident in a study such 
as Renne (2004), learning needs to be aimed at the correct level within the ZPD, to 
enable learners to fully participate in collaborative, active, and challenging activities. 
With appropriate choice of activities and scaffolding, learners can be encouraged to 
reach higher levels of understanding. However aiming learning within the individual 
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ZPDs of the learners may be challenging, dependent on knowledge of prior 
understandings of the individual learners.  
The SC view has implications for teachers. Their role is to plan and execute 
active, purposeful, and student-centred learning, rather than simply transmit ideas to 
the learner (Vygotsky, 1978). “The task of the educator is not to dispense knowledge 
but to provide students with opportunities and incentives to build it up” (von 
Glasersfeld, 2005, p. 7). The constructivist teacher acts as a facilitator for the process 
of learning (Vygotskiĭ et al., 1997), encouraging language acquisition, guiding 
students’ learning, and providing active learning experiences that encourage learners 
to construct meaning (Irvin, 2008; Renne, 2004) and “experiment with ideas” 
(DEST, 2004a, p. 78). Guiding learning experiences may include providing learners 
opportunities to ponder, question, and probe (Draper, 2002), clarifying points or 
suggesting ideas, focusing discussion and summarising outcomes, but not posing 
solutions (Alsup, 2004; Renne, 2004). In a SC environment, learning is enhanced by 
encouraging questioning, classroom talk, and deep learning in a dynamic 
environment in which teachers must make instant changes and decisions (Renne, 
2004; Twomey Fosnot, 2005). As noted in Renne (2004) and in the comparison of 
the two classroom situations described by Schifter (2005), teaching based on SC 
ideas is almost impossible to script, because it follows no set steps. It relies on 
teachers occasionally making use of questions and directing the learning after 
watching the learners struggle. Thus, teaching based on SC ideas relies on teachers 
being adaptable and able to respond to students’ needs and prior understandings 
(Draper, 2002; Twomey Fosnot, 2005). Contrary to misguided views, and evident in 
Boaler (2003) and in Renne (2004), the teacher plays a pivotal role in a constructivist 
classroom (Hyslop-Margison & Strobel, 2008). An understanding of these ideas was 
important for the researcher, whose job it was to design and facilitate learning 
sessions guided by SC ideas, thereby encouraging the participants to construct 
knowledge in a student-centred and active learning environment.   
Teachers require knowledge of the effective implementation of teaching based 
on SC ideas. Studies in school mathematics have shown that collaborative learning 
requires careful planning and application with consideration given to group and task 
selection, group roles, and pre-set steps to follow (Brown & Renshaw, 2006; Mercer 
& Sams, 2006; Rowe & Bicknell, 2004), and an agreement about acceptable norms 
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(Brown, 2005; Hunter, 2007; Mercer & Sams, 2006). Guidelines have been written 
to aid the facilitation of collaborative work (see Mercer & Sams, 2006). To 
encourage individual thinking, Rowe and Bicknell (2004) advocated individual work 
then group work with justification of answers, and stated that feedback not answers 
are required. Although formulation of answers and interpretation of claims can vary 
(e.g., Betts & Crampton, 2011), justification is essential. As with any strategy, and 
evident in Boaler (2003), factors such as the teachers’ efficacy, nature of the student 
cohort, methods, tasks, and timespan of a program can impact on the effectiveness. 
Although these may not all be key considerations in preservice teacher education, 
discussion and modelling of collaborative strategies is likely to aid preservice 
teachers to successfully utilise collaborative work in their teaching, necessary 
because teachers and students may have had little prior experience of collaborative 
learning (Rowe & Bicknell, 2004). As noted by Commonwealth of Australia (2008) 
and Renne (2004), the unpredictability of learner-centred environments means that 
they may challenge teachers’ capabilities. For this and other reasons, criticisms have 
been levelled at SC methods. 
3.2.6 Debate about methods based on constructivist ideas 
Due to a complex array of factors, teaching and learning based on 
constructivist ideas has been questioned. Many of the questions relate to the variation 
of ideas presented under the banner of constructivism. These include radical ideas 
such as those expressed by von Glasersfeld. Such views have attracted much 
criticism (see Matthews, 2000; Phillips, 2000), especially when applied to 
mathematics, which has traditionally viewed as an objective subject. Constructivist 
teaching and learning has been equated with pedagogies such as inquiry learning, 
problem solving, and hands-on learning resulting in questions about what should be 
taught and exactly how to teach (Twomey Fosnot, 2005). This suggests that extended 
understanding of SC learning theories is needed, theories that advocate an active 
construction of knowledge by learners in a collaborative learning environment.  
Further confusing the issue, claims made by some educators imply that mastery 
of necessary skills is neglected in constructivist instruction (e.g., Rumph et al., 
2007b), and students are not gradually guided towards independent learning (Snider 
& Crawford, 2004). Such instruction has been described as inefficient for the 
teaching of facts, skills, and advanced concepts (Klein, 2007; Rowe, 2006). 
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Criticisms have resulted in perceptions that learners in constructivist classrooms 
work on ineffective activities in aimless, unguided ways (Klein, 2007), a 
misrepresentation of many such activities. As evident in Boaler (2003), varied 
teaching methods, including lecturer style transmission with a focus on skills, are at 
times appropriate in constructivist classrooms (Hyslop-Margison & Strobel, 2008). 
In such instances the teacher plays the role of the more knowledgeable person, their 
input needed to enhance learning in the community of discourse (Adams, 2003; 
Schleppegrell, 2007), by scaffolding the construction of ideas or language, that 
would otherwise be beyond the learners. As suggested by Matthews (2000) and 
Phillips (2000), students do need to acquire knowledge of contents of the curriculum, 
and it is not realistic to believe that all aspects of mathematics can be constructed by 
the learners, with no intervention from the facilitator. With careful planning and 
implementation, activities can address important skills and guide the learners towards 
independent learning.  
Another concern about instruction based on the constructivist approach is that 
learning is based on the assumption that students are able to effectively engage with 
tasks, which may not always apply if they lack the knowledge and skills needed to 
complete the tasks (Rowe, 2006). This suggests that the tasks may not be within the 
students’ ZPDs, hence scaffolding is needed. Carefully planned instruction pitched at 
an appropriate level and guided by SC ideas with scaffolding to aid students who 
need help would address such difficulties. However, this may be more difficult to 
achieve in vastly diverse classrooms.  
Implementation of teaching and learning based the constructivist approach can 
pose difficulties to teachers since it is vastly different from traditional methods. Its 
application “requires a qualitative transformation of virtually every aspect of 
mathematics teaching” (Schifter, 2005, p. 90). Discussed in Renne (2004), such 
teaching and learning depends on teachers’ understanding and confidence in the 
subject and their ability to make instant decisions, without a prewritten script to 
follow. Further, it relies on their ability to locate or produce and successfully present 
appropriate activities, which may not always be achieved (Rumph et al., 2007b). This 
highlights the importance of teacher efficacy and selected methods in terms of 
effective implementation of instruction guided by constructivist ideas. As discussed 
in the study by Boaler (2003), traditional and reform methods can lead to similar 
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outcomes, results which led Boaler to the conclusion that achieving success in 
teaching is complex, and relies on more than following learning theories. Well 
illustrated by Boaler (2003), reform methods vary widely, suggesting that they 
cannot all be judged under the same banner, their success also dependent on their 
implementation. This suggests a need for increased knowledge of effective teaching 
approaches, an example described by the Boaler. 
Other criticisms have been levelled at instruction guided by constructivist 
pedagogy. Such methods have been blamed for contributing to disappointing 
mathematics standards, results which according to some educators have been 
overlooked (see Rumph et al., 2007a, 2007b). The complexity of factors contributing 
to the results makes this difficult to determine. There is also a mismatch between 
constructivist-type instruction and individualistic and competitive testing such as 
NAPLAN testing (DEST, 2004a), such practices tending to exclude rather than 
include certain student groups. Although common in contemporary teacher education 
(e.g., Conrad & Stone, 2015; Orr, Kukner, & Timmons, 2014), the application of 
constructivist teaching and learning poses difficulties. Examples are situations in 
which such approaches were identified as limited, such as situations in which 
traditional teaching methods were totally rejected or in which students had been 
allowed to propose any opinion without justification (Hyslop-Margison & Strobel, 
2008). Such situations related to educators’ incomplete understanding of 
constructivist teaching and learning. As exemplified by Loewenberg Ball and Bass 
(2000), encouraging learners to reason, argue, justify, and present views is important. 
Such ideas are also evident in Hyslop-Margison and Strobel (2008), in which the 
value of constructivist ideas in teaching is described, including the essential role of 
scrutiny and justification of student propositions. Notably, such dialogue depends on 
the learners’ prior mathematical experiences, the learners requiring the development 
maturity to be able to communicate and express ideas effectively and scaffold their 
peers’ learning.       
Alsup’s (2004) study based in preservice education provided some evidence of 
the advantages and disadvantages of constructivist instruction that incorporated 
group work, dialogical interactive and hands-on activities, debate, and games. 
Compared to traditional learning, the constructivist methods were rated as more 
enjoyable and led to increased empowerment of the preservice teachers, but were not 
 122 Literacy in mathematics in preservice education 
necessarily more beneficial to their learning. Some preservice teachers lacked 
confidence with the unfamiliar teaching methods in a course on probability, statistics, 
and geometry in which the content was unfamiliar, perhaps implying the need for 
more scaffolding of unfamiliar content. The study suggested that the success of the 
application of SC ideas could depend on how the ideas are implemented and could be 
better suited to courses containing more familiar content, seemingly logical if the 
learners are to play a key role in the learning. Notably the questionnaires used by 
Alsup were not included and were based on instruments that were very old, and 
examples of the learning activities were also not included. 
The implementation of teaching and learning guided by constructivism at times 
poses problems to both teachers (Twomey Fosnot & Dolk, 2005) and learners 
(Alsup, 2004). Alsup concluded that the application of constructivist learning that 
incorporates SC ideas may be unsuccessful if there is “not the right interaction of 
students, teacher, curriculum, and instruction, but when it works ... it is exciting, 
energising, and productive” (Alsup, 2004, p. 15), a view echoed by Schifter (2005) in 
terms of primary mathematics teaching. Knowledge gleaned from Alsup (2004), 
Boaler (2003), Hyslop-Margison and Strobel (2008), and Schifter (2005) is important 
background information for successfully implementing a sequence of learning based 
on SC, a paradigm that provides useful guidelines for educational practice. Although 
caution is required when adopting SC pedagogy, it would appear wise to take 
cognisance of such approaches because of the vast influence that they have had on 
mathematics education in recent decades (see Matthews, 2000). 
3.2.7 Overview 
In summary, common to the social learning theories described by educators 
Vygotsky and Bruner, are collaboration and scaffolding of learning, with reflective 
practices also a common element of SC learning. Further, these are all common 
elements of adult learning theory (Frid & Sparrow, 2009). The SC learner actively 
constructs knowledge aided by scaffolding from others (Bruner, 2006b; Vygotskiĭ et 
al., 1997). Social interaction encourages learning (Bruner, 2006b; Vygotsky, 1978), 
an idea espoused by many modern constructivists but not by Piaget (Bobis et al., 
2013; Cobb, 2005). The learning is extended through reflective practices which aid 
the learners to construct new knowledge (Bruner, 2006b). Because the learning in 
this study was designed to embody SC ideas, pedagogical approaches such as those 
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discussed that encourage dialogue, use of multi-methods, active learning, 
exploration, and reasoning, were appropriate choices (e.g., Section 2.2.6).  
Knowledge of effective application of SC ideas is important for ensuring 
effective implementation of such methods. This is dependent on highly developed 
teachers’ expertise, including knowledge of why teaching and learning based on SC 
ideas has been contested. Factors that affect the success of teaching that incorporates 
SC ideas include the ability of the teacher and the nature of the content taught 
(Alsup, 2004; Renne, 2004), and other factors such as the nature of the learning 
institution and the students. The success of teaching and learning based on SC ideas 
relies on some focus on skills, and scaffolding to help all learners successfully 
complete the tasks, and can be strengthened by basing it on theory and research. 
Teachers need to be open to the use of varied styles of teaching and need to 
understand the importance of well-evidenced and justified student responses 
(Hyslop-Margison & Strobel, 2008). Notably, a classroom environment that is active 
and social does not necessarily indicate enhanced learning, pointing to the need for 
an understanding of effective teaching practices (Boaler, 2003).  
3.3 IMPLEMENTATION OF THE THEORETICAL FRAMEWORK IN 
THIS STUDY 
The choice of the contents of the learning sessions in this study was guided by 
a framework of essential literacy practices outlined in the FRM. In order to address 
the idea of balanced literacy instruction, activities were chosen so as to focus on a 
broad spectrum of literacy practices: code breaking, meaning making, text using, and 
critical analysis from the FRM. The actual instruction in the learning sessions was 
guided by SC learning theories. 
Reflecting SC ideas, the learning environment was typically collaborative with 
the incorporation of strategies such as van Garderen’s (2004) collaborative steps for 
scaffolding solving of mathematical word problems, and use of dialogical interactive 
processes to construct the meaning of media text with mathematical content, with 
guidance from a FRM heuristic. Aiding the delivery of content, scaffolding of 
learning took place in various ways, (see Figure 3.3) following previously used and 
advocated teaching strategies: 
 think-pair-share strategy (Chamberlin, 2009); 
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 scaffolding steps (e.g., Bruner, 2006a; Meaney et al., 2009; van Garderen, 
2004); 
 focusing on student misunderstandings (Ryan & McCrae, 2005); 
 scaffolding conversations (e.g., Ferguson & McDonough, 2010); 
 linking and extending ideas (Bruner, 2006a; e.g., Dunston & Tyminski, 
2013); 
 concept mapping (e.g., Ryve, 2004); and 
 use of heuristics (Holton & Clarke, 2006). 
Reflection on learning took place at the end of each learning session, and after the 
participants’ teaching practice, which followed the series of learning sessions. The 
reflection questions were based on questions designed by Chamberlin (2009) and 
aimed to encourage the participants to link their learning in the learning sessions with 
teaching in the classroom.  
In the study, concept maps were used to aid learning by presenting information 
clearly and linking it to prior knowledge. Other benefits, mentioned by Vanides et al. 
(2005), included encouraging learners to organise ideas in a visual way, to think 
about connections, and to reflect on their understanding.  
Based on the discussion in Section 3.2.6, the instruction in the current study 
was cautiously implemented with an understanding of why teaching and learning 
guided by SC has been contested, in particular avoiding radical ideas about 
constructivism proposed by for instance von Glasersfeld. Learning was structured to 
encourage learners to construct knowledge in a collaborative, active, and engaging 
way guided by advocated teaching strategies, with emphasis put on justification of 
answers and reflection on learning. Scaffolding was planned especially for content 
less familiar to the learners, content including a focus on a broad range of literacy 
practices.  
3.4 OVERVIEW OF CHAPTERS 2 AND 3: THE LITERATURE REVIEW 
AND DEVELOPMENT OF THE THEORETICAL FRAMEWORK 
At this stage a review of the contents of Chapters 2 and 3 is important in order 
to outline the elements that best inform the study process and the design of the 
learning. The first section of Chapter 2 drew attention to the broad contemporary 
descriptions of the word literacy. Inspired by the historical controversy in literacy 
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education, the discussion led to an understanding of the reasons for the use of 
balanced methods in literacy teaching and learning, with importance placed on the 
cultural and social nature of literacy instruction. The brief history of literacy teaching 
led to the decision to apply a balanced approach, the FRM, to literacy in mathematics 
with numerous reasons proposed for the choice (Section 2.1.4). 
Significant aspects relating to studying literacy and the way in which literacy is 
embedded in mathematics were described, an understanding of which provided a first 
step to applying the FRM to mathematics teaching. Understanding of literacy 
teaching and learning is of particular relevance to the study of literacy in 
mathematics because the ability to generate, interpret, and critique mathematics 
symbols, abbreviations, terminology, visual images, and word problems is a 
significant aspect of the study of mathematics. Communication of mathematical 
ideas can be enhanced or restricted by inclusion of different semiotic systems, which 
are at times integrated simultaneously in text. Such communication relies on 
competencies with a broad range of literacy practices needed for the generation an 
interpretation of text.  
The literature chosen focused on literacy in mathematics, including all four 
dimensions of the FRM – code breaking, meaning making, text using, and critical 
analysis – and text containing the different mathematical semiotic systems (Section 
2.2). It encompassed the broad contemporary meaning of literacy covering different 
communication modes including viewing, and stated the importance of the use of 
diverse forms of text both from the classroom and from everyday life. Issues relating 
to the causes of misunderstandings and pedagogical strategies that have been used 
for the teaching of literacy in mathematics were discussed. These were relevant to 
the program of learning for the preservice teachers who were the participants. 
A combination of the FRM from literacy education and SC ideas was chosen to 
underpin the learning of literacy in mathematics in this study (Sections 3.1 and 3.2). 
The FRM provided guidance in terms of preparing and presenting a balanced literacy 
program with respect to literacy in mathematics, with a focus on all four categories 
of literacy practices. Interwoven with this were the guidelines for the instruction in 
the learning sessions, which followed the basic tenets of SC, namely collaborative 
learning, scaffolding of learning, and reflection on learning (Appendix G), with 
inclusion of concept mapping to facilitate the linking of knowledge. Together the 
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FRM and SC ideas formed a single theoretical framework (Figure 3.2), with 
emphasis placed on collaborative construction of knowledge, a key element of 
instruction based on SC ideas and a common element of contemporary literacy 
education (Harris et al., 2006).   
The design of the learning sessions in the study was constructed on the above 
foundations. The next chapter discusses the research design and the design of the 
learning, based on the theoretical framework. 
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Chapter 4: The Research Process 
The discussion in the literature review led to this study focusing on literacy in 
mathematics in the preservice sector with the purpose of answering the research 
questions (Section 1.4). The study was used to investigate a group of preservice 
teachers’ knowledge of literacy in mathematics and pedagogies to aid learning of this 
topic of mathematics. This was achieved through implementation of a program of 
learning sessions focusing on literacy in mathematics, the participants being the 
preservice teachers. The teaching and learning was based on a theoretical framework 
consisting of interwoven ideas from the four resources model (FRM) and social 
constructivist (SC) ideas.   
This chapter articulates the design of the qualitative case study that was 
adopted to achieve the study aims. It includes details of the methodology, methods, 
and participant selection processes, together with a summary of the learning and 
outline of the data interpretation method. The chapter ends with a discussion of the 
ethical considerations and efforts to ensure trustworthiness. 
4.1 RESEARCH DESIGN 
This section presents a description of qualitative case study, case study being 
the selected methodology for the research.  
4.1.1 Qualitative research 
Due to limited previous research in the field, qualitative methods were chosen 
because they offered a means of investigating the full breadth and depth of the case, 
the variables of which were unknown in advance of the study (Drew, Hardman, & 
Hosp, 2008). Direct contact in the natural setting of the learning sessions made 
possible an adaptable and thorough analysis (Miles, Huberman, & Saldaňa, 2014), 
allowing the researcher to study events as they naturally occurred (Drew et al., 
2008). The study maintained some design flexibility (Drew et al., 2008), the exact 
contents of the learning adapted as the research progressed in order to provide 
adequate information to answer the research questions. The process relied on 
observing the participants and analysing their work samples and audios, with the 
hope of learning about the situation, a possible first step in advocating for change 
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(Creswell, 2008). Through the descriptions and use of quotes from the qualitative 
data, the study participants were given a voice making possible an in-depth analysis 
of their knowledge and exploration of their understandings relating to literacy in 
mathematics, in addition to construction of knowledge relating to teaching and 
learning of the topic. 
Although qualitative research has become widely used in education, 
researchers disagree about its rigour, especially its generalisability (Guba & Lincoln, 
2005; Silverman, 2004). The results of this study were not generalisable and the 
process needed to be carefully recorded to prevent researcher bias occurring when 
the researcher recorded and interpreted the data (Fossey, Harvey, McDermott, & 
Davidson, 2002; Silverman, 2004), and to avoid misunderstandings and 
misinterpretation that might occur when readers studied the report. As discussed in 
Section 4.5, strategies were used to minimise these problems in the study.  
Qualitative studies that adhere to good research practice enhance credibility of 
results. Although results may not be generalisable, they can lay a foundation for 
future larger and longer term studies. Reinforcing the view of Stake (2000), the view 
taken in this study is that qualitative research complements quantitative research, 
both required to provide a deep understanding of many topics. 
This leads to the next sub-section in which the use of case study methodology 
is described. 
4.1.2 Methodology: Case study 
Case study methodology varies widely (Stevenson, 2004). Two approaches 
have been described by Yin and Stake. Yin’s (1994) approach tended towards the 
positivist paradigm and placed some emphasis on generalising results (Bassey, 
1999). It included quantitative studies, scientific testing, and predictions (Yin, 1994). 
Stake’s approach was based in the interpretivist paradigm (Bassey, 1999), 
emphasising understanding of the case at hand through interaction between the 
researcher and case, with little attempt to generalise the findings to other cases 
(Stake, 1995). According to Stake (1995) “case study is the study of the particularity 
and complexity of a single case, coming to understand its activity within important 
circumstances” (p. xi). He added that a study referred to a bounded system, such as 
an innovative program (Stake, 1995, p. 2), which could be bounded by content or 
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time for instance (Miles et al., 2014). Stake’s approach was chosen in this qualitative 
study to investigate a program of learning on literacy in mathematics in depth. The 
aims were to ascertain and analyse preservice teachers’ knowledge of literacy in 
mathematics and explore pedagogical strategies that could be used to enhance their 
understanding. The program was bounded in terms of the number of participants, the 
timeframe of the study, and its focus on literacy in mathematics. Data were collected 
by multiple methods (see Section 4.2.3) at one Australian university. The aim was to 
investigate the progress and impact of the program of learning (Stake, 1995), with 
the view to understanding complexities (Punch, 2006) such as factors which 
contribute to learner difficulties with literacy in mathematics.  
This study is an instrumental case study (Stake, 1995, p. 3), used as an 
instrument to aid, support, and further understand issues associated with literacy in 
mathematics, with the aim of improving mathematics instruction. This differs from 
an intrinsic case study (Stake, 1995, p. 3), carried out to fulfil a researcher’s interest 
in a case. In this study, the participants’ understanding of literacy in mathematics was 
explored with the view of building knowledge of misconceptions and developing 
strategies to scaffold the instruction of literacy in mathematics.  
Questions have been asked about what can be learnt from case studies. Case 
studies can have the purpose of seeking or testing a theory, evaluating a process, or 
story-telling (Bassey, 1999). They can help readers to make connections (Stevenson, 
2004), or clarify meaning and enhance understanding about a case through analysis of 
context and thick descriptions (Corcoran, Walker, & Wals, 2004; Stake, 1995). “The 
case is selected in anticipation of its capacity to advance our understanding of the 
external interest and may be examined in depth, with its context scrutinized and its 
activities detailed, but all in pursuit of such understanding” (Stevenson, 2004, p. 44). 
Case studies may draw readers’ attention to factors that have been overlooked or 
provide ideas that can be trialled or adapted in other circumstances by infusing 
personal meaning, understanding, and experiences with what is read in the case study 
(Corcoran et al., 2004; Dillon & Reid, 2004; Stevenson, 2004). Because no case is 
entirely unique, meaning and knowledge built in one case may be able to be transferred 
to other cases or used to complement knowledge from other research approaches 
(Punch, 2006). Data from case studies can be used as guides for improvement, 
opportunities for program learning or ideas for policy changes (Greene, 2000). In the 
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case of teachers, knowledge from case studies is believed to complement other 
important categories of teacher knowledge (Shulman, 1986; Section 2.3). It is possible 
to use case studies as explorations preceding generalisation-producing studies that can 
be used to build theory (Stake, 2000). As in this study, case studies may involve the 
investigation of “a process of introducing, developing and implementing a particular 
initiative” (Stevenson, 2004, p. 41), which in this case involved designing and trialling 
a sequence of learning on literacy in mathematics. Such a case study can be used to 
provide deepened understanding of an issue (Stake, 2000), such as issues surrounding 
preservice teachers’ knowledge of literacy in mathematics.  
Case studies have been criticised as being superficial inquiries that lack rigour 
and risk misinterpretation (Dillon & Reid, 2004; Flyvbjerg, 2006), running the risk of 
not having a positive impact on knowledge and practice (Corcoran et al., 2004). The 
term case study has in itself been referred to as “an inadequate and confusing term” 
(Dillon & Reid, 2004, p. 25). As noted above, it has been used in varied research 
designs and purposes, including those with different data collection methods and 
epistemological foundations (Corcoran et al., 2004). Case studies may include biased 
reporting (Dillon & Reid, 2004; Stevenson, 2004) and may be taken to be 
generalisable (Dillon & Reid, 2004; Stake, 1995) even though they cannot be 
assumed to be generalisable. However biased reporting is possible in any design, and 
generalisability may not be crucial in cases that are unique or cases that are 
important, interesting, and misunderstood (Punch, 2006), a view echoed by Stake 
(2000). The purpose of a case study can be to understand the complexities of a case 
in its entirety and learn about “the typical by studying the atypical” (Punch, 2006, p. 
146) as well as to identify direction for further research. Stake (2000) argued, “isn’t 
it better to learn a lot from an atypical case than a little from a seemingly typical 
case?” (p. 446), an idea consistent with Stake’s (1995, p. 8) statement that “the real 
business of case study is particularization, not generalization”. Perhaps too much 
research has been quantitative without first conducting investigations aimed at 
understanding phenomena (Punch, 2006), a view echoed by Stake (2000) who 
implied that there is a danger of aiming to generalise without an understanding of the 
complexities of a case. Thus this study focused on deep understanding of the case 
without emphasis placed on generalisation of results, but with every effort made to 
ensure rigour in the research process. 
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If case studies are to have the potential to inform and transform practice they 
need to be cautiously planned and implemented, and meticulously and astutely 
recorded (see Section 4.5). This includes giving attention to the choice and 
description of the purpose, methodology, methods, and context, and includes use of 
multiple sources of data (Stake, 1995; Stevenson, 2004). Because no case is 
independent of context (Dillon & Reid, 2004), study outcomes need to be interpreted 
and reported with reference to the context. In the current study, rich descriptions of 
the research process were provided to aid readers to connect meaningfully to the case 
and to aid transferability of the results to other similar cases (Stevenson, 2004).  
An appealing idea used in this study with an aim of improving practice, is that 
of challenging the case study reader to build understanding and draw their own 
inferences, which complement their own experiences (Stake, 2000). The reader is 
recognised as an active learner, able to construct their own understanding, the case 
study being one step towards the process of ongoing learning and improved practice 
(Stevenson, 2004). Meanings and assertions result from a combination of case study 
findings, personal experience, scholarship, and views of other researchers (Stake, 
1995). As for any research, different readers achieve different benefits from the 
research depending on their interest and prior knowledge (Corcoran et al., 2004). In 
order to achieve benefits from reading a case, the reader needs to have the prior 
knowledge to enable them to connect meaningfully to the case (Stevenson, 2004). 
These ideas follow SC learning principles, building on ideas of reflective learning 
and action research. This is in accordance with Stake’s (2000) statement that the 
“utility of case research to practitioners and policy makers is in its extension of 
experience” (Stake, 2000, p. 449). Instead of producing new knowledge, such studies 
are likely to yield a refinement of understanding (Stake, 1995).  
The above section elaborated the choice of qualitative methods for the case 
study. The next section details the participant selection, the structure of the research 
process and learning sessions, and the data collection methods. Thematic analysis 
was chosen as the method of analysing the study data (see Section 4.3). All data were 
coded and gradually collated and placed in themes and sub-themes in preparation for 
analysis.  
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4.2 PARTICIPANTS, RESEARCH PROCESS, AND METHODS 
4.2.1 Selection of participants 
The study participants were students at one Australian university from a 
Graduate Diploma in Education Primary course (preparatory to Year 7). The 
Graduate Diploma in Education was a one-year, full-time professional qualification 
undertaken subsequent to completion of a three- or four-year undergraduate degree, 
in preparation for teaching in primary schools. The undergraduate degree provided 
the relevant content knowledge for the preservice teachers and the Graduate Diploma 
in Education provided knowledge of pedagogies. A typical Graduate Diploma in 
Education in Australia consists of two semesters with four units per semester. 
Included is a unit of mathematics and a unit of literacy (S. Norton, 2010), and about 
10 weeks of professional experience in schools. A Graduate Diploma can be 
contrasted and compared to completion of a four-year teacher qualification degree, 
which includes professional and discipline knowledge. Graduate Diploma students 
were chosen because of the difficulty of covering all necessary content and 
pedagogies in the short duration of the program. Primary preservice teachers were 
selected because they are generalists, not subject specialists, therefore perhaps more 
in need of scaffolding of mathematical content knowledge. As a vital measure to 
ensure that the data gathered was not affected by perceived researcher/lecturer bias, 
the research was situated outside the Graduate Diploma program. Details of the 
different participant groups are provided in the next sub-section.  
4.2.2 Research process and learning sessions 
All aspects of the study including the research questions, learning program, 
participant sampling, methods, instruments, data collection, and methods of analysis 
were planned to create structure and ensure rigour in the research process. This 
encompassed designing, implementing, and analysing a sequence of learning on 
literacy in mathematics, a sample of preservice teachers being the learners.  
Research process 
The participants were recruited and the learning sessions organised with 
assistance from the study supervisors and Graduate Diploma course coordinator. The 
researcher met all Graduate Diploma in Education Primary students from the chosen 
Australian university at an introductory meeting at the start of the second semester of 
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2012 and 2013. They were furnished with details and, as advocated by Stake (1995), 
were asked to volunteer to participate in the study. A list was drawn up of names, 
phone numbers, and email addresses of volunteers, and ethics consent forms were 
signed. Background information forms (Appendix H), containing questions designed 
to elicit some information about their background and prior knowledge of 
mathematics and literacy were completed. This provided some information for 
answering the second research question and gave direction for planning the learning. 
Communication with the volunteers was established and they were reminded by 
email of each session prior to the session. Volunteers who had not completed the 
ethics consent or the background information did so at the start of the first learning 
session. 
A total of 23 participants (N = 23) plus the researcher were involved in the 
study, 6 in Group A in 2012 (one becoming involved towards the end of the learning 
sessions) and 17 in Groups B, C, and D in 2013. They had established some rapport 
with each other during their prior studies in the Graduate Diploma. As summarised, 
the participants had varying backgrounds, ages, and genders (Table 4.1; Appendix I), 
the diversity giving a degree of breadth to the study. This is in accordance with Stake 
(2000), who emphasised the importance of a diverse sample because in qualitative 
research the sample size is too small to warrant random selection or to provide a 
representative sample. Although non-representative of preservice teachers in 
Australia, the relatively diverse group of participants would expand understanding of 
preservice teachers in terms of varied issues relating to literacy in mathematics.  
Table 4.1 
Diversity in Participant Sample 
Backgrounds, ages, genders Examples of diversity 
Bachelor degrees Bachelor of Arts in History and Literature and degrees in 
Physiotherapy, Engineering, and Business Administration 
Previous careers Work in physiotherapy, engineering, retail, banking, library assistance 
Ages Varied ages including students who had proceeded directly from school 
to an undergraduate degree and then to a Graduate Diploma in 
Education Primary, and five mature-aged students who had worked for 
many years in fields other than teaching 
Gender 21 female and 2 male 
Cultural background Majority white Australian, Silvia and Douglas had spent most of their 
lives in England, and Wen and Sunita respectively grew up in Chinese 
and Indian families in Australia 
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An outline of the research process is depicted in Table 4.2, with a more 
detailed description of the learning sessions below. Although pre-planned, the 
research process, in particular the contents of the learning sessions, were responsive 
to developments in each session. Formative assessment and reflections that occurred 
during the learning were used to inform subsequent collection of data (Stake, 1995) 
and the sessions were adapted if the need arose or to suit the participants’ needs. 
Table 4.2 
Summary of Research Process 
Stage Timeline Description 
1 End of Semester 1, 2012 Gaining of ethics clearance. 
2 End of Semester 1, 2012 Trialling of the background information and parts of 
the learning materials (Appendices H, J). 
3 Beginning of Semester 2, 2012 
(Group A) and Semester 2, 2013 
(Groups B, C, D) 
Distribution of research information, ethics consent 
forms and background information forms (Appendix 
H) at the introductory meeting. Participant self-
selection and signing of ethics consent forms. 
4 August and September (Semester 2), 
2012 and 2013 
Learning sessions for participants (Graduate Diploma 
Primary students). During this time, the participants 
were observed and developed portfolios of activities 
and the researcher and participants recorded 
reflections about each learning session (Section 
4.2.3).  
5 August and September, 2012 and 
2013 
Participant member checking of reports on the 
learning sessions. 
6 October/November, 2012 and 2013 Participant teaching practice and report-back. 
7 2012–2015 Thematic data analysis followed by holistic 
description and narrative result summary. Data and 
method triangulation of results. 
8 January/February 2013 and 2014 Report-back to participants. 
 
Design and structure of the learning sessions 
The learning sessions and subsequent reflections, including reflections after a 
teaching practice, provided a means of trialling a learning program for preservice 
teachers. The sessions were pre-planned to be delivered in once-weekly sessions in 
the second semester of 2012 and 2013 (August and September), the reason being that 
the participants had by then completed the mathematics and literacy units of the 
Graduate Diploma course. The possibility of factors other than the learning sessions 
in the study impacting on their knowledge of literacy in mathematics was therefore 
minimised. The sessions took place on the university campus due to ease of face-to-
face contact with the students and the ability to use campus facilities. The design was 
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guided by the FRM of literacy education (Figure 3.1; Appendix A) and by SC ideas, 
including collaboration, scaffolding of learning, and reflection on learning (Appendix 
G). Data were gathered during the learning sessions while the participants were in 
the process of doing mathematics activities and problems (Appendix J). The 
objectives of the sessions were to 
 analyse the participants’ knowledge of literacy in mathematics; and 
 trial relevant pedagogies for incorporating literacy in mathematics into 
mathematics lessons. 
As part of the process, the program of learning had the potential to 
 assist the participants to develop a deeper knowledge of literacy in 
mathematics;  
 enhance the participants’ understanding of the FRM and of pedagogical 
strategies to enhance literacy in mathematics;  
 introduce participants to the effective use of computers in the teaching of 
literacy in mathematics; and 
 assist participants to reflect critically on personal practice thereby 
enhancing the effective teaching of literacy in mathematics. 
More details of the learning program, including the results and analysis, are 
discussed in upcoming chapters.  
The selection and organisation of learning activities and choice of instructional 
strategies were based on the broad contemporary meanings of literacy (see Section 
1.2) and on the literacy practices outlined in the FRM. Literacy was viewed as being 
inclusive of all forms of communication of meaning (Wood, 2002), therefore as 
advocated in ACARA (2013b), activities that included mathematical language in all 
communication modes including the receptive and productive modes (listening, 
reading, and viewing; and speaking and writing) were utilised. Activities that placed 
a focus on all four dimensions of the FRM – code breaking, meaning making, text 
using, and critical analysis – were included. Whereas traditionally understanding text 
was important, in contemporary times locating and using text has gained importance 
(Zammit & Downes, 2002). Thus locating and using text was incorporated into the 
learning sessions in combination with interpreting, generating, and critiquing visual, 
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print, aural, multi-modal and multi-semiotic text, as advocated by Iyer and Luke 
(2010) and Zammit and Downes (2002). 
The sessions focused on necessary knowledge for teachers, especially content 
and pedagogical content knowledge, with an inclusion of some technological 
knowledge (Mishra & Koehler, 2006; Shulman 1986, 1987; Section 2.3; Appendix 
E). Creation and use of text included printed and some electronic text, with digital 
materials included because of their importance in contemporary literacy teaching 
(Freebody & Luke, 2003; Serafini, 2012). Digital learning experiences included use 
of websites, search tools, online dictionaries, hyperlinks, and opportunities to view 
visual materials. Following the advice of Zammit and Downes (2002), pedagogy 
incorporated “learning literacies, learning through literacies, and learning about 
literacies” (p. 29).  
Mathematical language was introduced by a hybrid of naturalistic and formal 
methods, everyday text presenting advantages in learning. The learning materials 
included digital resources relating to travel and exchange rates, and newspaper items. 
Use of such authentic text aligns with the socio-cultural aspect of literacy learning, 
which is important in most contemporary literacy teaching (Anstey & Bull, 2004; D. 
Green, 2006), giving students real reasons to practise reading and writing in varied 
and real contexts. As advocated by Drew et al. (2008), efforts were made to ensure 
engaging and worthwhile learning for the participants by choosing activities that 
related to their real worlds. Selecting authentic materials accommodated text-user 
and text-analyser practices from the FRM. Its use afforded opportunities to challenge 
the learners’ thinking and introduce controversy to learning, enabled creation of a 
link between their personal worlds and literacy in mathematics, and was a step 
towards preparing them for everyday literacy requirements.  
Due to the participants’ time constraints, the number of learning sessions was 
decreased from four two-hour sessions in 2012 to three two-and-a-half-hour sessions 
in 2013. One session was held per week for each group of participants with a fifth 
voluntary session incorporated in 2012. The increase in the number of participants 
from 2012 to 2013 may have been due to the larger choice of days and times in 2013 
and the shorter timeframe. Although fewer in number, the slightly longer learning 
sessions in 2013 allowed for inclusion of most of the same content as the 2012 
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sessions. In both years the learning sessions were followed by a final reflection after 
the participants’ teaching practice. 
Some minor changes to the learning sessions between 2012 and 2013 included 
shortening of the first questionnaire in 2013, and not repeating it at the end of the 
sessions, and an increased emphasis on multiple representations in 2013. Due to their 
success in 2012, additional collaborative activities were used in 2013, including a 
transformation card activity and an activity that entailed discussion of other 
preservice teachers’ difficulties with the codes and conventions in mathematics. In 
2013, concept maps of shape, graphing techniques, and an overview of literacy in 
mathematics were prepared by the researcher and supplied to the participants at the 
end of the learning sessions, as a way of recapping learning. Although in 2012 time 
was spent in each session discussing research linked to the topic, time restrictions 
made this impossible in 2013. This was unfortunate because the 2012 participants 
viewed it as a valuable part of the learning. Moreover, fewer after-session readings 
were possible in 2013.  
There was some movement towards individual and smaller group learning to 
catch up missed sessions, especially with Group A in 2012. Possibly the smaller 
sessions meant that these participants felt more comfortable about expressing their 
misunderstandings. Although individual sessions were not initially planned and 
meant that collaboration with peers was sacrificed to some extent, they led to frank 
reflections and contributed complementary data to the study, and the audio 
recordings of these sessions were easier to transcribe. In individual sessions it was 
easier to identify prior knowledge and analyse and rectify misconceptions. Although 
invaluable to the research and the participants, individual learning is not usually 
possible. However, being able to learn from such situations, followed by drawing 
other learners’ attention to common errors, has the potential to aid them to avoid 
similar misunderstandings.  
4.2.3 Data collection methods 
To increase credibility of the study, the design incorporated use of multiple 
data gathering techniques (Drew et al., 2008), a combination of all of which provided 
data to aid answering of all three research questions. Data were gathered as field 
notes, audio recordings, reflections, photos, and work samples; and portfolios were 
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used to organise the documents including the transcribed audio recordings. Together 
with triangulation of data from different groups and activities, such multi-methods 
enabled cross-checking of the data collected (Miles et al., 2014), minimising the 
limitations of providing answers to the study questions based on a single method. 
Data collection was mindfully planned; for instance, some data were collected in the 
background information (Appendix H) before the learning sessions, providing 
information for the planning of the sessions. Methods such as audio recordings were 
chosen to give the participants maximum voice, and thereby enhance transparency 
(Fossey et al., 2002, p. 724). Audios were selected because they provide “precise 
transcripts of naturally occurring interactions” (Silverman, 2004, p. 90) without 
being as intrusive as videos, and provide a copy of the activity which can be 
reviewed at a later stage. Some activities were recorded allowing the researcher to 
withdraw from the activity, or to observe one discourse community while recording 
another. A cycle of data collection, analysis, and interpretation was repeated 
numerous times in each series of learning sessions, providing useful information for 
the modification of subsequent sessions. The data collection methods are discussed 
in more detail below, together with examples of the logic behind the timing and 
choice of the chosen methods. 
Field notes, audio recordings, and photos 
At the start of the program of learning, the participants were informed that the 
researcher would be making notes, recording audios and taking photos of some 
activities. During the sessions the researcher made use of questioning and observed 
the participants while they were using language in mathematical situations and 
contributing to verbal discourses. The researcher made an effort to develop a rapport 
with the participants (Creswell, 2008) and get close to the actual learning experiences 
without imposing on the participants, her proximity depending on the activity and the 
needs of the participants. She provided input and scaffolding only when it was seen 
to be necessary (see Section 3.2.2). Field notes were carefully enumerated together 
with a header, date, some details of chronological events, activities and setting, 
participants’ knowledge and input, and personal insights (Creswell, 2008). Audios 
were recorded of some activities, with the use of two audio recorders to avoid the 
possibility of operational problems. The recordings were carefully labelled with a 
date and session number after each session (King & Horrocks, 2010). 
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Observations allowed the researcher to record first-hand information of events 
in real time, including the context and setting. Good listening and observing skills 
were necessary, often complemented by the audio recordings and student work 
samples. Multiple observations and reflections were made to provide deep 
understanding of the participants’ knowledge. Steps were taken to minimise possible 
problems such as changes in participant behaviour while the researcher was present 
(Section 4.5).  
Reflections 
Reflections were a crucial part of the data collection, the researcher and 
participants’ reflections carefully dated, headed, and completed for each session. The 
participants reflected on their learning experiences and on how their learning may 
influence their teaching, as per Chamberlin’s (2009) study. Questions included 
reflecting on what they found useful, interesting, easy, difficult, and what hindered or 
scaffolded their learning about literacy in mathematics (Appendix F). The researcher 
completed similar reflections after each learning session, also considering successes, 
failures, sources of maximum learning, possible improvements, and other thoughts. 
Further, the participants reflected on the value of the recommended after-session 
readings (Appendix K). 
After completion of the learning sessions (at the beginning of October 2012 
and 2013), the participants were involved with teaching practice in the classroom as 
part of the Graduate Diploma in Education program. During this time they were 
required to give some consideration to literacy in mathematics in preparation for a 
final report-back after the teaching practice. Due to time constraints the researcher 
decided to email the final reflection questionnaire to the participants, the questions 
focusing on whether the participants emphasised literacy in their mathematics 
lessons, and whether they witnessed an emphasis on literacy in mathematics in the 
lessons they observed (Appendix L). Further, it included a question on their view of 
the role that literacy plays in mathematics, a reflection on their learning in the 
learning sessions, and member checking of the research reports. The participants 
returned the answers electronically, email providing an effective means of 
communication (O’Donovan, 2008), and economising on the researcher’s time spent 
in the collation and recording stages of this final stage of the data collection.  
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Portfolios 
Portfolios were used for document collation for both the researcher and the 
participants for numerous reasons. Documents from qualitative research require 
cautious collation, organisation, and subsequent analysis (Silverman, 2004). Because 
collated documents may be used to understand “language and other sign systems” 
(Silverman, 2004, p. 90) and the study focused on the language demands of 
mathematics, the choice of portfolios to collate documents appeared pertinent. 
Portfolios enable learners to take ownership of and reflect on their own learning 
progress (Brady & Kennedy, 2009; Frid & Sparrow, 2003, 2004). In addition to 
reflections on learning and practice, portfolios can incorporate formative assessment 
and program evaluation (Frid & Reid, 2002), important elements of this study. 
The researcher collated portfolios for Group A in 2012 and for Groups B, C, 
and D in 2013. Contents of the portfolios included participant details, copies of 
learning session activities, reflection questions, and after-session readings. Included 
were researcher field notes, reflective thoughts after the sessions, and copies of 
emails and photos of activities such as the card activities. Audios were transcribed 
and analysed and included in the relevant portfolio to stimulate recall of what 
transpired in the sessions. The documents, together with personal quotes from audios 
and worksheet activities, were collated into a report on each learning session, also 
included in the relevant portfolio.  
The participant activities were collated in individual portfolios containing 
questions about literacy in mathematics, work samples, formative documents, 
concept maps, and reflections on activities. Many activities were completed first with 
a purple pen and later modified in blue based on scaffolding from others, the 
researcher, or reference to resources such as dictionaries. This process was carefully 
monitored, made possible by the small number of participants. A concept map that 
depicted literacy in mathematics was initiated in Session 1 and extended as learning 
progressed. It was placed in the front of each participant’s portfolio. The researcher 
kept possession of all the portfolios and stored them in a safe location. As advocated 
by Frid and Sparrow (2004), the researcher provided feedback on the participants’ 
work and some individual and group verbal feedback was given each week. At the 
end of the sessions, the participants were given copies of all important documents. 
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Analysis of the participants’ work samples was less obtrusive than interviews 
would have been and saved time in terms of transcription. Such documents also 
depicted authentic participation by supplying a written copy of what transpired, and 
because they were worded by the participants, researcher bias was potentially lower 
than it would have been in methods such as interviewing (Drew et al., 2008).  
4.3 THEMATIC ANALYSIS AND EVALUATION AND 
INTERPRETATION OF DATA 
The learning sessions and final report-back were followed by a write-up phase 
that took place from late 2012 through to 2015. Thematic analysis was chosen in 
order to assist categorisation of a broad spectrum of data from the multi-methods, 
such that the data could be reduced and displayed, and conclusions drawn (Punch, 
2006). During the process of thematic analysis, key ideas, patterns, themes in the 
data, and their links to the research questions were identified. To avoid the pitfalls of 
less deliberate and rigorous thematic analysis, a series of steps was followed, guided 
by the methods described by Braun and Clarke (2006) and King and Horrocks 
(2010). Initially the data, which comprised work samples, concept maps, field notes, 
reflections, audios, and photos, were collected. Audios were transcribed, mostly by 
the researcher, and audios transcribed by a transcriber were carefully reviewed. The 
researcher familiarised herself with the data by typing learning session reports and 
reading all data multiple times.  
During multiple readings of the 2012 data, notes were made about repeating 
ideas, followed by the identification of codes for frequently occurring ideas (Miles et 
al., 2014). This was aided by drawing on the literature review and details of the FRM 
interwoven with SC ideas, with focus on the study questions. Some of the codes were 
based on the categories from the FRM, with added categories for social 
constructivism and impacts. Computer word searches of learning session summaries 
were used in the process of identifying data in different categories, the contents of 
the sessions aiding the process because of the organisation of the activities in the 
learning program. For instance, searching for the words critical or bias allowed for 
identification of data for the critical analysis dimension of the FRM (coded CA) and 
searching the words prior knowledge contributed information about meaning making 
(coded MM). Gradually, the data were categorised into themes and sub-themes. A 
similar process of reading, categorising, and refining categories was followed in 
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2013 with the aim of identifying patterns and connections (Fossey et al., 2002). 
Gradually, by reading and re-reading elements of the data and the whole data-set 
(Braun & Clarke, 2006) from both years, ideas were linked and themes and sub-
themes emerged, disappeared, reappeared and changed, finally resulting in the 
themes and coding depicted in Figure 4.1, which includes the codes for the categories 
and their relevance for answering the different research questions (e.g., Q1).  
The hierarchy of the different categories was carefully considered, leading to 
two main themes, one that entailed pedagogies called Constructive Pedagogies and 
the other on knowledge called Knowledge Construction, both consisting of multiple 
sub-themes. Constructive Pedagogies included a sub-theme social constructivism, 
which was broken down into codes corresponding to collaborative learning (CL), 
scaffolding of learning (SL) and reflective learning (RL). Knowledge Construction 
included a breakdown of relevant data into the four families of practices (e.g., CB for 
code breaking). In order to simplify the writing stages, efforts were made to have 
categories as distinct from each other as possible (King & Horrocks, 2010), and 
decisions were made to exclude some data irrelevant to answering the research 
questions. Finally, at the beginning of 2015 the Knowledge Construction data were 
divided into three sub-themes: Statistics, Measurement and Geometry, and Different 
Semiotic Systems (Figure 4.1). These three sub-themes were chosen because they 
aptly portrayed the data. For instance, in the category Measurement and Geometry, 
results from the shape and tessellation activities were considered, in particular 
information important for answering the research questions. As examples, data 
concerning the participants’ difficulties with literacy in geometry were collated to aid 
answering of Question 2. For Question 3 data from the thematic analysis relating to 
Teaching and Learning were collated (coded P for pedagogy) and later used to 
develop an understanding of effective instructional strategies to enhance learners’ 
knowledge of literacy in mathematics. Based partly on the participants’ reflections, 
the successes, failures, and possible improvements of the learning sessions were 
considered, feeding into Questions 1 and 3. An example of the coding is included in 
Appendix M (sample 2b). 
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Figure 4.1. Concept map showing framework for data analysis including codes, themes and sub-
themes (version 4). 
Some data were initially difficult to categorise. Although much deliberation 
had gone into defining literacy practices in the FRM in the planning stages of the 
study (see Section 2.2), words and symbols could be discussed in both the code-
breaking and meaning-making categories, so a decision was taken to discuss them 
together in the write-up. Further, some examples of inference about newspaper 
reports that were first categorised under critical analysis were later shifted to 
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meaning making. Categories such as preservice teachers’ confidence and 
independent learning were added in the Teaching and Learning section. An effort 
was made to develop some sub-themes that went beyond the superficial meaning in 
the data (see Braun & Clarke, 2006), relying on interpretation of data. Examples are 
one sub-theme of text using, which included evidence that the participants made little 
use of visuals in the solving of mathematical word problems, and a category that 
identified critical analysis relating to mathematics concepts as compared to that 
which related to context.  
The steps of collecting and preparing data and assigning codes and themes 
were iterative as illustrated by Creswell (2008, p. 244), occurring in a cyclic fashion 
until the researcher was satisfied with the resultant codes and themes. The gradual 
development of the categories is evidence of the flexibility of thematic analysis 
(Braun & Clarke, 2006), making possible modification of themes and sub-themes as 
the research progresses. The researcher addressed anomalies, inadequacies, and data 
that had been missed, ensuring that there were sufficient data for each category. If 
insufficient data were obtained either the category was omitted or additional content 
built into the sessions. For instance, an activity on code breaking was built into 
Session 2 to supplement data in that category. The refinement of codes, themes, and 
sub-themes was recorded as a concept map (Braun & Clarke, 2006), which was 
modified and saved in numerous versions to form an audit trail (King & Horrocks, 
2010; Appendix O).  
The categories of data were then analysed and interpreted to find a larger 
meaning (Creswell, 2008). The analysis and interpretation included linking the 
research data to the participant feedback and contents of the literature review. The 
final stage of the analysis in 2012 included the write-up of the findings, 
interpretation, and conclusions of the first series of learning sessions. In all, four sets 
of data were gathered (one in 2012 and three in 2013), followed by the series of steps 
described. Data from four groups A, B, C, and D were compared by using tables for 
the comparisons, as illustrated by Miles et al. (2014). Efforts were made to 
triangulate data in and between the four data-sets. Finally, findings, interpretation, 
and conclusions for the whole study were recorded. This is as per Stake (2006) who 
discussed the need for individual cases to be understood for their particularity 
followed by cross-case analysis. The process of analysis is illustrated in Figure 4.2. 
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Each step of the analysis process – including data collation, categorisation, and 
analysis – posed challenges and questions, requiring reflections and refinements, 
informing the subsequent steps in the process. This is supported by a statement from 
Fossey et al. (2002) that “qualitative research is designed to be flexible and 
responsive to context, characteristically being described as emergent” (p. 723).  
 
Figure 4.2. Process of data analysis (based on Braun & Clarke, 2006; King & Horrocks, 2010). 
In accordance with Creswell (2009), the study results were produced in prose 
format. Findings, interpretation, and conclusions were recorded in thick descriptions 
(Drew et al., 2008, p. 206), providing information to allow answering of the study 
questions. As is the case in qualitative research, the process involved a movement 
from particulars to general themes to interpretation of the data. In all stages of the 
research, the researcher endeavoured to see developments from the participants’ 
viewpoints. “Qualitative methods rely on widely divergent assumptions about the 
nature of social reality” (Drew et al., 2008, p. 205) and “the meanings derived from 
research are specific to that setting and its conditions” (Wiersma & Jurs, 2009, 
p. 15). Thus, the intent of qualitative research was not to generalise findings; rather, 
Steps in Data Collection (based on Braun and Clarke 
(2006) and King and Horrocks (2010))
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the subjective understanding gave insight into the learning program that focused on 
literacy in mathematics and the range of knowledge of the participants in this regard. 
4.4 ETHICAL CONSIDERATIONS 
Ethics is crucial for conducting effective research, thus steps were taken to 
address ethics at all stages of the research process. Procedural, legal, institutional, 
and relational issues (Holly, Arhar, & Kasten, 2009) were addressed, including steps 
taken to protect the participants’ rights and well-being (see Wiersma & Jurs, 2009) 
and to avoid unnecessary invasion of privacy. The process was assisted by following 
university guidelines and submitting an ethics clearance proposal, including a 
detailed description of the research design, to the university Human Research Ethics 
Committee, for clearance and modification before the research began.   
The needs of the participants and of the university were considered in the 
planning of the study (see Creswell, 2009). Efforts were made to limit disruption and 
make the process worthwhile to the participants, in this case by offering them the 
potential to “improve their personal practice” (Miles et al., 2014, p. 60). The research 
proposal and questions were carefully designed to extend the participants’ 
knowledge of literacy in mathematics, and their teacher efficacy.  
Arrangements were made with the relevant stakeholders. The Graduate 
Diploma course coordinator was informed of the study and access to the participants 
and university facilities was organised through her and the study supervisor. With 
their assistance, an introductory meeting with all Graduate Diploma in Education 
students in the Primary course was organised to inform them of the study and request 
that they volunteer to participate.  
Many procedures were followed, as part of ethics requirements, including 
obtaining participant consent. All three elements of informed consent, namely 
capacity, information and voluntariness (Drew et al., 2008), were taken into account. 
The introductory discussion and provision of informed consent forms provided the 
students with full details of the study, including the purpose, methods, time 
commitments, benefits, and possible risks. They were free to choose to participate 
without coercion such as threats, force, or deceit (see Drew et al., 2008, p. 78). The 
students were informed of their rights such as the right to withdraw at any time. They 
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were provided with personal contacts should queries arise, and were given 
opportunities to ask questions about the study.  
Further steps were taken to ensure good ethics throughout the study. Efforts were 
made to keep the participants and stakeholders (including the course coordinator and 
research supervisors) well-informed and ensure open communication. University 
ethics guidelines were followed regarding ownership and care of the data, which would 
be discarded after the agreed time period. The digital data were stored in a password 
protected computer and the hard-copy data were filed in a locked cabinet. An 
environment was established during the sessions that was sensitive to the participants’ 
needs and feelings, with an atmosphere of trust and open communication (see Holly et 
al., 2009). Participant input was encouraged and credited. As advised by Stake (2000), 
cognisance was taken of possibly sensitive issues such as the participants’ knowledge 
of literacy in mathematics, and the researcher was watchful so that potential problems 
could be quickly resolved. Being qualitative research, participants’ ideas and quotes 
were used. Therefore, the data needed to be sensitively handled and reported, so as to 
protect their self-esteem (Miles et al., 2014). Every effort was made to guarantee 
confidentiality, by following agreements with the university and participants, and 
anonymity by removing identifiers from the data (Miles et al., 2014). Only participant 
initials were included on work samples and other documentation, pseudonyms were 
used in all research output, and the identity of the university was not disclosed. Data 
collected from multiple groups over two years, and presented years later, helped to 
make the data particularly difficult to identify.  
To ensure integrity, efforts were made to avoid deception during all phases of 
the study, as per the following discussion.  
4.5 TRUSTWORTHINESS OF RESEARCH 
Qualitative research can be limited by factors that result in less-than-rigorous 
studies (Guba & Lincoln, 2005; Silverman, 2004), factors that lead to case studies 
lacking credibility (Dillon & Reid, 2004; Flyvbjerg, 2006). Qualitative research is 
interpretive, dependent on interpretation of word-based data by the researcher. The 
results, which are constructed over time and dependent on factors such as the 
researchers’ background and experience (Creswell, 2008) are subjective, being 
dependent on the researchers’ personal perceptions. In order to ensure research 
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integrity, steps need to be taken at all stages of research, including the design phase, 
research phase, and write-up phase (Fossey et al., 2002), to ensure that the research is 
“trustworthy, credible, respectful and reflective of our values” (Holly et al., 2009, p. 
167). Evident in much writing is the wide variation of terminology and ideas used in 
the area of trustworthiness of qualitative research (Drew et al., 2008), due at least 
partly to the diversity of qualitative research.  
4.5.1 Ensuring trustworthiness in the design phase 
In the design phase, the ideas of congruence, responsiveness, appropriateness, 
and adequacy, coined by Fossey et al. (2002, p. 724), were addressed. In line with 
the term congruence, the study was rigorously planned, with clear direction and 
goals and matching methodology and methods. The idea of responsiveness was 
followed by ensuring that the research design was flexible and able to be modified by 
participant input. The learning was adapted to suit the needs of the participants such 
as their time commitments and abilities. Due to the participants’ difficulties, an 
activity that focused on the codes and conventions in mathematics was built into the 
learning. In terms of appropriateness, the sampling and data gathering methods were 
carefully chosen based on reasons given (Section 4.2.3). Adequacy, which refers to 
the adequacy of sampling and data collection, was ensured in numerous ways, such 
as by encouraging and maintaining participant involvement. In order to achieve this, 
the benefits of involvement were made clear to the participants, including 
opportunities to extend their knowledge of literacy in mathematics, and a certificate 
of completion to use in their job applications, showing their voluntary participation 
in the program. Other incentives included efforts made to establish good 
communication channels between researcher and participants by sending regular 
emails. To ensure adequacy, large amounts of data were collected by multi-methods, 
and possible problems with the learning session activities, such as ambiguities and 
low information recovery (Wiersma & Jurs, 2009), were minimised. In this regard, 
some of the learning materials such as the background information questions and the 
first questions in Session 1 were preceded by a trial of the questions by three 
participants similar to the research participants. 
 Chapter 4: The Research Process 149 
4.5.2 Ensuring trustworthiness in the research phase 
As suggested by Drew et al. (2008), efforts were made to ensure transparency 
in the research stage. Transparency was encouraged through the researcher 
developing a good rapport with the participants and through the inclusion of regular 
discussions and reflections in the sessions, ensuring that the participants’ voices were 
being heard (Fossey et al., 2002, p. 724). The process was aided by the use of audio 
recordings, allowing data to be recorded in the absence of the researcher. This 
minimised the observer effect (Drew et al., 2008, p. 234), in which some participants 
change their behaviour in the presence of an observer. The research process included 
thorough documentation, in order to provide an audit trail, which is “a record of data 
that can be followed by another scholar from conclusions back to the raw data” 
(Drew et al., 2008, p. 233). Since subjective meanings are based in context, sufficient 
engagement with setting, participants, and data is necessary to provide an 
understanding of these contexts, and time for the researcher to respond to the 
participants’ needs (Drew et al., 2008; Fossey et al., 2002). Further time would have 
been preferable in the field, but was impossible due to the participants’ time 
limitations. However, much understanding was gained by collating data during the 
course of the sessions.   
4.5.3 Ensuring trustworthiness in the write-up phase 
Procedures were followed to ensure rigour in the write-up stages of the study. 
This included authenticity (Fossey et al., 2002, p. 725; Miles et al., 2014), which 
refers to reproducing the participants’ views authentically. Following advice by King 
and Horrocks (2010), transcribing was cautiously carried out in the effort to represent 
the data authentically. Authenticity was further aided by use of individual quotes and 
examples from the work samples, audio recordings, and participant reflections 
(Creswell, 2008; Drew et al., 2008), including the final emailed reflection. These 
steps helped to limit bias, which may impact on the recording of participants’ voices 
due to a researcher’s personal views and role in the study. Multiple methods and 
groups were used to enable the phenomena to be seen from many perspectives and 
reduce “the likelihood of misinterpretation” (Stake, 2000, p. 443). Both 
methodological and data triangulation were used (Miles et al., 2014), 
methodological triangulation referring to the comparing of data from different 
methods, and data triangulation, comparing of data from different sources (King & 
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Horrocks, 2010, p. 164), such as from different groups and different activities. Such 
triangulation made possible the identification and comparison of converging and 
dissenting evidence (Fossey et al., 2002). Running the sessions in two consecutive 
years and in four different groups increased the depth of information gathered. It 
expanded the chances of a broader range of data because the different groups were 
unlikely to influence each other. Member feedback and checking was used to verify 
the researchers’ interpretation of the study data. Member feedback was obtained in 
each learning session in the form of a reflection on the learning. Member checking of 
the reports on the learning sessions that were emailed to the participants yielded three 
responses, which verified the reports. Helen and Kim suggested that more time 
would have been useful in some activities. Although limited feedback was obtained 
on the research output, much evidence in the form of work samples and audio 
recordings was available. These data were important for validation of findings 
(Creswell, 2009; Drew et al., 2008), providing “opportunities for credible 
interpretation” (Holly et al., 2009, p. 167) and increasing the persuasiveness of the 
research outcomes.  
At all stages efforts were made to avoid intentional misrepresentation 
including deception by omission and commission, related to the purpose, nature, or 
results of a study (Drew et al., 2008, p. 67). Examples of disconfirming evidence 
(Drew et al., 2008, p. 235) were sought to avoid the problem of anecdotalism, which 
refers to inclusion of only telling examples of phenomena and exclusion of 
contradictory evidence (Silverman, 2004, p. 10). Although there were examples of 
misunderstandings relating to literacy in mathematics in the sessions, there were also 
many examples of good use of literacy in mathematics. Low-inference descriptors 
were used with efforts made to note what the participant actually did or said rather 
than stating what may be unknown (Drew et al., 2008, p. 233). These and thick 
descriptions (Creswell, 2008; King & Horrocks, 2010) ensured that the reader would 
gain an accurate understanding when reading the report (Stake, 2000). 
In the write-up phase, efforts were made to ensure coherence in the 
presentation of the report (Fossey et al., 2002, p. 725), aided by feedback from the 
research supervisors. The word typicality refers to claims in the report that imply 
generalisability (Fossey et al., 2002, p. 725). Generalisability and objectivity were 
inappropriate here as this was a qualitative study that involved a small number of 
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participants and all phases of the research, including the observing, interpreting, and 
reporting stages, encompassed assumptions about realities and knowledge. The 
results from this case apply only in the given situation, giving an in-depth 
understanding of the range of knowledge of the preservice teachers of literacy in 
mathematics, knowledge that may aid understandings of other situations. This 
provides some degree of transferability to other similar cases (King & Horrocks, 
2010, p. 160), reinforced by the detailed descriptions and some findings congruent 
with articles mentioned in the literature review (Miles et al., 2014). Fossey et al. 
(2002) stated that the aim of qualitative data is not to generalise about results. The 
“onus is on qualitative researchers to provide an adequate detailed description, while 
the onus is on the reader to evaluate its applicability in another setting” (Fossey et al., 
2002, p. 730). Finally, to address the issue of permeability, which refers to the 
importance of the researcher’s personal experience being made explicit (Fossey et 
al., 2002, p. 725; Miles et al., 2014), the author/researcher’s background was detailed 
(Section 1.3).  
Based on awareness of the above factors, the researcher endeavoured to present 
a holistic and accurate picture of the data, by taking cognisance of the above issues in 
the study design and process, with the aim of furthering trustworthiness and 
credibility of the study.   
4.6 CHAPTER SUMMARY 
Chapter 4 discussed the design of the case study including details of the 
participants’ self-selection process, the learning program, multiple methods for data 
collection, data evaluation process, ethical considerations, and strategies to ensure 
trustworthiness. To aid the reader, an overview of the thesis is included based on the 
contents of the first four chapters (Figure 4.3). Upcoming chapters focus on the 
research results followed by analysis and conclusions.  
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Figure 4.3. Overview of thesis. 
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Chapter 5: Results, Discussion, and Analysis – 
Statistics 
Chapter 4 examined the use of case study methodology and detailed the 
research, including the participant selection and study design. This chapter provides 
details of the learning sessions which focused on literacy in mathematics. Thereafter 
follows a discussion and analysis of the data with respect to the study questions: 
1. How can literacy practices in mathematics be fostered for primary 
preservice teachers through the four resources model (FRM) within a 
social constructivist (SC) framework? 
2. What were the preservice teachers’ initial knowledge and understanding of 
literacy in mathematics? 
3. What pedagogical strategies can be used in a program based on the four 
resources model (FRM) within a social constructivist (SC) framework to 
develop the participants’ knowledge of literacy in mathematics? 
Focus on only certain topics of mathematics was necessary in order to limit the 
length of the thesis. Statistics was the focus in Chapter 5, measurement and geometry 
in Chapter 6, and a review of the learning program in Chapter 7.  
Tied closely to the discussion are details of the content of the learning, based 
on literacy practices outlined in the FRM. Also included are details of the learning 
environment, which was guided by SC ideas with a priority placed on collaborative 
learning, scaffolding of learning, and reflective learning.  
5.1 IMPLEMENTATION OF THE LEARNING SESSIONS  
Suitable activities were selected for the learning sessions to enable 
investigation of learning focused on literacy in mathematics. The balanced program 
on literacy in mathematics focused on code breaking, meaning making, text using, 
and critically analysing as outlined in the study and based on the FRM. The 
instruction was guided by SC ideas which, although they are theories of learning not 
teaching (Twomey Fosnot, 2005), gave direction about an appropriate environment 
and the types of activities that could be used to enhance learning. Because effective 
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instruction relies on teaching strategies and methods (Boaler, 2003), use was made of 
previously advocated methods that aligned with SC ideas.  
Session 1: Introduction to literacy in mathematics as per the FRM 
The session started with interpretation of selected mathematics text based on the four resources heuristic (Figure 
5.2). Thereafter followed construction of a concept map of literacy demands of mathematics, initially with a purple 
pen, then after collaboration, modification and additions in blue. Small groups of participants then categorised cards 
that depicted different elements of mathematical language including different categories of words, symbols, and 
representations. This was followed by activities on use of diagrams, definitions and examples to represent modified 
words, class discussions about the variety of words for the same concept, multiple meanings of words used in 
mathematics, use of key words, and metric and non-metric measurement units, many of the activities focusing on 
code breaking and meaning-making practices. Small groups of participants then categorised and represented shapes 
on a concept map. Thereafter followed an activity on tessellations. Key vocabulary was introduced by vocabulary 
introduction strategies such as the use of definitions, vocabulary introduction steps, the four-square model, and use 
of mathematical dictionaries, with reference to computer graphics, games, prefixes, roots, and word walls (e.g., 
Appendix B). Many of the activities were completed first individually then collaboratively. The session ended with a 
written reflection on the learning session. Subsequently, an article on language use in the mathematics classroom 
(Kotsoupolos, 2007) was emailed to participants as the after-session reading. The task was to analyse the reading 
with Borasi et al.’s (1998) method – Using Cards (for which they were provided some steps to follow). 
Session 2: Reading, writing, viewing, and problem solving, with a focus on all four families of practices 
The session started with individual feedback on gaps in participants’ knowledge from Session 1. Feedback was 
given on the use of modifiers and an expert concept map on closed shape was supplied to enhance learners’ 
knowledge of shapes. Due to participant uncertainties about the difference between code breaking and meaning 
making, an activity followed that focused on these two dimensions or the FRM followed by group discussion of 
examples of student errors when using mathematical symbolism. Thereafter the session focused on solving of 
mathematical word problems, with focus on all four dimensions of the FRM. Use was made of the vocabulary 
introduction strategies from Session 1, collaborative group work, and problem-solving steps. The session included 
collaborative strategies for reading and comprehending mathematical problems (Appendices D, J), and problem-
solving strategies (Appendix J), with a focus on multiple representations. Use was made of encoding representations 
to aid problem solving. A problem on airline data was used as a way of introducing participants to digital 
mathematical information as well as a way of emphasising text-using practices. Web searches such as searches for 
airline information were incorporated. Also included were collaborative activities in which participants were 
required to categorise cards depicting probability and transformation ideas. The session ended with a written 
reflection on the content of the learning session. An article on language use in the mathematics classroom (Zazkis et 
al., 2009) was emailed to participants as the after-session reading. The task was to analyse the reading with Borasi et 
al.’s (1998) method – Using Cards. 
Session 3: Interpreting, matching, and generating mathematical representations with central focus on 
critical analysis. 
The third learning session focused on interpreting, matching, and generating a diverse variety of graphs and tables. It 
incorporated mathematical activities that emphasised writing and use of graphs and representations from everyday 
text. Following SC ideas, one activity required learners to collaboratively match cards describing different data, with 
lists, tables, and varying representations. Thereafter, learners were encouraged to collaboratively discuss and make 
sense of graphs and data from the media with reference to a FRM heuristic (heuristic for representations, Appendix 
D). The session referred to all four dimensions of the FRM including critical analysis of items from the newspaper 
with graphic content. Reference was made to the three steps for reading graphs: reading the data and reading 
between and beyond the data. In addition to critical analysis of text, construction of text with knowledge of the role 
of critical analysis was central to the session. Writing activities were guided by scaffolding steps. The session ended 
with a written reflection on the learning session. Thereafter, an article on representing data (Chick, 2004) was 
emailed to participants as the after-session reading. 
Figure 5.1. Summary of 2013 learning sessions. 
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A summary and full details of the three learning sessions in 2013 are included 
(Figure 5.1 and Appendix J respectively). Extra activities were incorporated if time 
permitted, mainly in 2012. In the following sections and in Chapters 6 and 7, 
discussion of the learning sessions refers to the 2013 sessions unless otherwise 
stated. A description and analysis of the research data follows. This chapter focuses 
on statistics, an area of mathematics in which the FRM appeared particularly useful.   
5.2 STATISTICS 
With guidance from the researcher, the FRM, as summarised in a heuristic 
(Figure 5.2), was introduced to the participants at the start of Session 1. In the 
discussion, varied text showing statistical data such as water accounts and newspaper 
items was analysed with reference to code breaking, meaning making, text using, and 
critical analysis practices, the heuristic guiding the process.  
 
Figure 5.2. Simplified four resources heuristic for text with mathematical content (based on Freebody, 
1992; Freebody & Luke, 2003; Luke, 1998; Luke & Freebody, 1990). 
Initially in this section, the discussion focuses on the participants’ 
interpretation of a selection of graphs, an activity that relied largely on code-breaking 
and meaning-making practices. This is followed by examples where all four 
Code breaker 
Breaking the codes and conventions of words, 
abbreviations, symbols, representations. Codes and 
conventions include amongst others: spelling, 
sound-symbol relationships, formatting, 
punctuation, colours, textures, keys, elements such 
as lines or points, and use of shading. 
Understanding relationships between different 
semiotic systems (modal integration). 
Composing text with mathematical words, symbols, 
abbreviations, representations, including text which 
contains multiple semiotic systems. 
Meaning maker/Text participant 
Making literal and inferential meaning of the 
whole text (from within and without the text – 
with the use of prior knowledge), including 
linear, nonlinear, interactive, non-interactive 
text. Locating key ideas. 
Making meaning of symbolic systems, graphs, 
visuals, tables, captions, etc. 
Composing text (with mathematical content) 
with different meanings. 
Text user 
Establishing the significance, use, audience, and 
purpose of text with mathematical content. 
Recognising varying structures and features in text 
and utilising relevant information. 
Composing text with varying structures and 
features and different significance, use, audience, 
and purpose. 
Critical analyst 
Understanding that texts (including text with 
mathematical content) are written for set 
purposes and may influence readers in various 
ways. Establishing the truth, fairness, and bias 
in text and whether text is misleading or has 
omitted information. 
Composing text with different bias. 
Note: The four resources apply to written, spoken, visual, and multimedia text. 
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categories of practices from the FRM were utilised in both interpretation and 
generation of graphs, two categories of graphing identified by Baker et al. (2001).  
5.2.1 Interpreting representations in statistics 
Code breaking in the FRM, a key step in meaning making, refers to 
deciphering of the codes in text, such as the scales, keys, and labels. Meaning 
making includes making meaning of the diverse semiotic systems with reference to 
prior knowledge, location of key ideas, and drawing of inferences. In terms of 
mathematical visuals, both these dimensions of the FRM can pose difficulties to 
learners (Section 2.2.5). 
In the interpreting (decoding) section of Session 3 the participants were asked 
to write a few sentences about a selection of graphs (Figures 5.3, 5.4, 5.5), chosen 
because they presented a variety of code-breaking and related meaning-making 
practices from the FRM. Amongst many correct statements were others that showed 
the participants’ challenges with the task, important for answering the research 
questions. Difficulties were categorised into misunderstandings of terminology 
and/or messages being conveyed by the graph, imprecise descriptions, and 
descriptions limited by omitted details. Participants’ statements that fell into one of 
the three categories are included, mostly from work samples and a few from the 
audio recordings. After individually answering the questions, the groups worked 
together in a SC environment to co-construct meaning of the graphs, social 
interactions and scaffolding from others aiding them to achieve deeper understanding 
than they were able to achieve unaided (Vygotsky, 1978).    
In order to answer the questions, the participants first needed to interpret the 
graphs then formulate a statement that portrayed the meaning, a process relying on 
code-breaking and meaning-making practices. As anticipated, the data revealed that 
the participants experienced most challenges with the conceptually most difficult box 
plot. 
Cats and dogs and heights of trees graphs 
Initially the participants answered the questions in Figure 5.3. 
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Do the problems individually then in groups (purple then blue pen). 
Write 2–3 sentences about the meaning of each graph. 
1. “There are many lost dogs and cats in an animal shelter. 
This diagram shows the number of dogs compared with the 
number of cats. Write a sentence of English that gives the 
same information as the diagram” (MacGregor, 2002, p. 82). 
 
2a. Examine the following graphs collected from different 
media sources with the aim of uncovering their meaning.  
Average heights of trees (based on Wall & Benson, 2009, p. 
87) 
 
Misunderstanding of terminology and/or messages conveyed by the graph: 
Question 1  
There are six times more dogs in the animal shelter than cats. 
(Cynthia, Group D) 
[This was similar to Wen’s answer.] (Wen, Group C)  
There are five [later corrected to six] times greater number of 
dogs in animal shelter compared to cats. (Helen, Group C)  
[Long pause] I’m going to get this wrong. I would say that 
there’s five times more the amount of dogs than cats. (Hettie, 
Group A, audio transcription) 
There are five [changed to six then back to five] times more 
[changed to as many then back to more] dogs in a shelter 
than cats. (Hayden, Group C, Appendix M, Sample 1a) 
Question 2a 
… Average height of blue spruce is 68 inches. There is little 
difference in heights. Douglas Fir are stronger healther [sic] 
trees – more useful in forestry. (Hayden, Group C, Appendix 
M, Sample 1a)  
Imprecise descriptions or use of terminology: 
Question 1 
There are 6 times as many dogs at the animal shelter than 
cats. (Kim, Group D)  
[This was similar to Olivia’s and Douglas’ answers.] (Olivia, 
Group A and Douglas, Group B) 
Question 2a 
Douglas firs are usually taller than blue spruces and white 
pines, though white pines are usually taller than blue spruce. 
(Cynthia, Group D)  
Douglas Fir tree’s [sic] have the highest height in the local 
forest, followed by the white pine and then the blue spruce. 
(Pamela, Group C, in Group B for Session 3)  
Descriptions limited because of omitted details: 
Question 1 
There are much more lost dogs than cats in the animal 
shelter. (Betty, Group B) 
[This was similar to Molly’s and Sunita’s answers.] (Molly, 
Group C and Sunita, Group C) 
Graph tells us that there are more dogs than cats (in the 
animal shelter). No title, no axis can’t compare nos. (Silvia, 
Group B) 
Question 2a 
It shows that the Douglas firs the tallest and the spruce the 
shortest. (Michelle, Group D, Appendix M, Sample 1b) 
[This was similar to answers by Verna and Sunita] (Verna, 
Group A and Sunita, Group C) 
The average height of the Douglas fir is higher than the 
average height of White Pines and Blue Spruce. (Hettie, 
Group A, audio transcription) 
Douglas fir – tallest, blue spruce – shortest. (Betty, Group B)  
The height in feet of 3 different types of trees. (Molly, Group 
C)   
Figure 5.3. Interpretation Questions 1 and 2a from Session 3 and a sample of participant responses. 
Dogs        Cats
Blue Spruce    White Pine    Douglas Fir
100
80
60
40
20
Height 
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Types of trees
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Code breaking of the two graphs (Figure 5.3) was similar in some ways, both 
dependent on breaking the codes of visuals in Mackinlay’s (1999) apposed-position 
category, later referred to as the 2D category because it contains two axes (Carter et 
al., 2012). As part of the code-breaking process, the participants were required to 
overcome the hurdles of reading text that does not follow the conventions of reading 
from left to right, an issue referred to by Adams (2003). This included unravelling the 
information in the title, labels on the axes, prose, and the information acquired by 
reading the two axes simultaneously.  
In the cats and dogs graph, code breaking depended on using the horizontal lines 
to identify the ratio of cats to dogs, and in the heights of trees graph it depended on 
reading the scale on the y-axis, both dependent on conceptual understanding. In the 
cats and dogs graph some participants’ answers exemplified their challenges with 
describing the data, difficulties resonating with those faced by preservice teachers in 
MacGregor (2002) and that faced by a child in Bobis et al. (2013, p. 196). Hettie’s and 
Helen’s initial statements (Figure 5.3) asserted that there were five times more dogs 
than cats, rather than there are six times as many dogs as cats. Hayden’s answer 
suggested confusion as to whether there were five or six times as many (or more) dogs 
as cats (Appendix M, Sample 1a), similar difficulties evident in Cynthia’s statement. 
Such statements suggest confusion between concepts and terminology for addition and 
multiplication, misunderstandings that may be passed from teachers to students 
(MacGregor, 2002). This is an example of the challenges faced by students when 
transposing the meaning of even a simple graph into words. Less serious, Kim’s 
statement was poorly worded. Showing a higher level of understanding and able to 
articulate her thoughts succinctly in precise mathematical language, Verna from Group 
A aptly described the meaning based on her prior knowledge of the concept ratio, 
stating: “there is a one to six ratio of cats to dogs (1 cat for every 6 dogs)”. Four 
participants including Michelle wrote simply that there were more dogs than cats, only 
making partial meaning of the given information (e.g., Appendix M, Sample 1b). 
These participants’ answers including Silvia’s answer suggested that they had not fully 
comprehended the meanings of the codes, not realising that the relative number of cats 
and dogs were presented in the graph although the axes were not numbered.  
All of the participants had some success breaking the codes and making 
meaning of the height of trees graph, not interpreting it as a frequency graph, an error 
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discussed by Wall and Benson (2009). This indicated that the participants took 
careful note of the title and the labels on the axes, and showed mastery of the codes 
in the 2D bar graph. However, Hayden stated that the average height of a blue spruce 
tree is 68 inches, not taking care when reading the label on the y-axis. And erring in 
meaning making, she added incorrect inferences not apparent in the graph such as 
“Douglas Fir are stronger healther [sic] trees” (Appendix M, Sample 1a). Such 
statements were also included in her answer for the first graph. Aligned to ideas 
expressed by Mackinlay (1999) for representing data, all information and only the 
given information needs consideration in terms of meaning making. Cynthia’s and 
Pamela’s choice of wording meant that they did not transpose the meaning in the 
graph precisely, Cynthia referring to Douglas Firs usually being taller than blue 
spruce trees and Pamela stating that Douglas Fir trees have the highest height. 
Cynthia, Pamela, Michelle, Pamela, Betty, and Molly (e.g., Appendix M, Sample 1b) 
made no mention of the key idea that the given heights were averages, a concept 
upon which full meaning making of the graph depended.  
Many comments were limited by their brevity, the participants overlooking key 
details such as measurement units or the actual average height of the three trees, 
hence incompletely transposing the meaning of the graph into words. In an example 
evident on an audio transcription, Hettie stated in an individual session: 
Hettie: The average height of the Douglas Fir is higher than the average 
height of White Pines and Blue Spruce. 
When asked to express the answer more precisely, she stated: 
Hettie: The average height of the Douglas Firs … is ninety. 
Researcher: Yeah. Ninety what?  
Hettie: Ninety feet.    
In this case and elsewhere, at times participants were seemingly unaware that 
exclusion of measurement units limited the meaning of their answers. As per SC 
ideas, with scaffolding Hettie was guided to a more precise description of the graph. 
With reference to code breaking and meaning making practices in the FRM, the 
collaborative verbal discourse turned to the necessary precision of mathematical 
language, such as the use of appropriate codes and conventions in Australian 
classrooms (e.g., metric units). Thereafter the participants expanded and modified 
their answers. This is an example of an activity in which learners wrote about 
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mathematics, including writing about content and concepts (Bossé & Faulconer, 
2008), a process that potentially enhances understanding. 
Distance-time graph 
The participants then briefly interpreted the meaning of a distance-time graph, 
first individually then collaboratively (Figure 5.4). 
2c. Susan’s journey from 8 a.m. to 3 p.m.  
 
Misunderstanding of terminology and/or messages conveyed by the graph: 
The graph shows that Susan left home at 8 am and returned at 3, making a steady journey, culminating at 10 o’clock at 
a point 120 km from home, staying there and leaving at 12. It does not show, however if her speed was not constant or 
she stopped along the way. (Michelle, Group D, Appendix M, Sample 1b) 
Susan walks 120 km for 2 hours when going to work. She walks another 120 km for another 3 hours when returning 
home. (Sunita, Group C) 
Hettie initially thought that Susan was going at 120 km/hr and going backwards in the last section of the graph. 
(Hettie, Group A, audio transcription) 
Imprecise descriptions or use of terminology: 
Susan stayed an equal distance from home between 10 and 12. She travelled away from home quicker than she 
returned [Many details omitted]. (Cynthia, Group D)  
… 10-12am Susan is 120 km away from home. Staying constant for 2 hours. … Susan spent longer going home than 
in the morning [details omitted]. (Wen, Group C) 
Descriptions limited because of omitted details:  
Between 8am and 10am had travelled 120 km. Between 12pm and 3pm travelled 120 km [many details omitted]. 
(Marie, Group B)  
Similarly Kim’s answer was satisfactory but omitted details about what happened between 10 am and noon, did not 
discuss speeds, and did not mention that Susan returned home. (Kim, Group D) 
Casey’s answer was satisfactory but omitted details about speeds and did not mention that Susan returned home. 
(Casey, Group D)  
How far susan [sic] is from home in Km’s [sic] over the day. (Molly, Group C)  
In the middle of the day, Susan had achieved 120 km distance and between 10 and midday had stopped. Sorry, a bit 
confusing. (Verna, Group A)  
Susan travelled 120 km between 8 and 10 none from 10 to 12 then 120. (Olivia, Group A) 
Figure 5.4. Interpretation Question 2c from Session 3 together with a sample of participant responses. 
 Chapter 5: Results, Discussion, and Analysis – Statistics 161 
The participants had varied success breaking the codes and making meaning of 
the graph. Also a 2D graph (Carter et al., 2012), complex code breaking relied on 
knowledge of the abbreviation km, conceptual understanding of scales and 
coordinate pairs, and of the straight line segments, including conceptual 
understanding related to the slopes of these lines. Code breaking also relied on 
negotiating the layout and integrating meaning from all elements in order to make 
meaning of the text. Some statements suggested ineffective code-breaking and 
meaning-making practices and echoed Vygotskian ideas that stress the close link 
between articulation of ideas and cognition.  
Michelle referred to a steady journey but was unsure whether the speed was 
constant or Susan stopped during the journey (Appendix M, Sample 1b). Evident in 
an audio of her individual session, Hettie initially stated that the distance-time graph 
indicated how long it takes to travel a distance. When asked to elaborate, her answer 
included a number of misunderstandings. She stated that Susan travelled 120 km/hr 
between 8 and 10 (actually 60 km/hr), did not travel from 10 to 12, and was 
travelling backwards in the last section of the graph. Sunita stated that Susan walked 
120 km to work in two hours. Hettie’s and Sunita’s answers suggested that they did 
not associate the graph with prior knowledge of everyday situations, a necessary part 
of meaning making in the FRM. This limited their ability to make meaning of the 
graph, their difficulties perhaps a result of previous exposure to mathematical 
problems that had limited relevance to everyday situations. Also showing limited 
meaning-making abilities, Wen and Cynthia did not fully link the graph to everyday 
meanings and prior understanding, Cynthia stating that Susan was an “equal distance 
from home between 10 and 12” and Wen stating that Susan stayed constant for two 
hours rather than stating that she had stopped. At a higher level of meaning making 
and more reliant on knowledge of underlying concepts, few participants inferred 
from the graph that Susan was travelling more slowly on her return than on her 
outward journey. As evident in the audio of Hettie’s session, through scaffolding by 
dialogue the participants gradually extended their code-breaking and meaning-
making abilities. Discussion focused on the importance of careful reading of all 
elements of the graph and on the meaning of a speed-time graph with the same 
shape. Based on the scaffolding, Hettie concluded that Susan travelled 120 km 
between 12 and 3 (without including the midday and p.m.), and stated that a speed-
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time graph with the same shape would mean that the speed was increasing, then the 
speed was the same, meaning that the car had not stopped (she did not use the word 
constant), and then the speed was decreasing. Her modified answers were an 
indication of her enhanced construction of meaning, which as described by 
Schleppegrell (2007), was initiated through mediation by the researcher, evidence of 
the value of teacher talk. 
At times the participants described the meaning of the graphs imprecisely or 
overly briefly by overlooking some of the key information. Some participants were 
unable to make full meaning of the distance-time graph (Figure 5.4), one of the 
literacy dimensions in the FRM. Cynthia, Wen, Marie, Kim, and Casey incompletely 
transposed the meaning of the graph. Molly stated simply, “How far susan [sic] is 
from home in Km’s [sic] over the day”. Both Betty and Molly tended to give overly 
short descriptions of all four graphs. Olivia stated that “Susan travelled 120 km 
between 8 and 10 none from 10 to 12 then 120”, and Pamela’s overly brief answer is 
included in Appendix M (Sample 1c). Such answers incompletely described the 
information given in the graph and omitted use of codes or symbols for measurement 
units and for a.m. and p.m. (e.g., Michelle, Olivia). Aligned to efficient use of codes 
in the FRM, such codes are key to fully depicting the underlying meanings in the 
graph. Effective use of measurement units and of 12 p.m. or noon to represent 
midday are examples of the precision of mathematical language.  
Box plot 
A comparative box plot was also interpreted, individually then collaboratively 
(Figure 5.5). An example of 1D visuals (Carter et al., 2012), box plots offer a 
glimpse of the different language used in varied graph-types, illustrating the 
complexity of graphs referred to by Lowrie and Diezmann (2009) and Monteiro and 
Ainley (2003b). The underlying codes in box plots include a box and whiskers, with 
data divided into quarters according to the median and quartiles. Evident in an audio, 
Hettie stated that she was unfamiliar with the term box plot. Without prior 
knowledge of, for instance, the codes and conventions of the graph and their links to 
mathematical concepts such as medians and quartiles, she was unable to make 
meaning of the graph. When prompted, she suggested that the line inside the box 
may be the average. Scaffolding by the researcher followed, including details about 
how the box plot showed the middle mathematics mark and the spread of marks, and 
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that the marks were divided into quarters, the graph showing a comparison between 
classes. Subsequently, Hettie was able to answer the included question, suggesting an 
answer of two quarters for both (not a half). This indicated that she quickly grasped 
the concept of the unique distribution in the box plot, a concept known to present 
challenges to learners (Woodward & Pfannkuch, 2007), hence mastering a question 
that assessed understanding of the underlying codes of the graph.  
2b. Class marks (based on Wall & Benson, 2009, p. 87) 
 
Compare the fraction of Class 3 who achieved more than 65% with the fraction of Class 2 who achieved more than 
78%. 
Misunderstanding of terminology and/or messages conveyed by the graph: 
Students in class 3 who achieved more [sic] 65% = 
5
6
, Students in class 2 who achieved more than 78% = 
1
4
 . (Kim, 
Group D)  
[This is similar to Helen’s answer.] (Helen, Group C)  
The fraction of the class three that achieved more than 65% was approximately 
3
5
 of that class whereas the fraction of 
class 2 who achieved more than 78% is approximately 
1
4
 .  (Casey, Group D)  
From the graph, it is very difficult to extract this information. A stem and leaf plot [sic] shows mean, percentiles and 
outliers, but the scale provided does not end at 100, so cannot explain percentage. It does not say what it does show. 
(Michelle, Group D, Appendix M, Sample 1b)  
A bigger fraction of class three were above the median, compared to class two where only a small amount of children 
achieved above the median. (Pamela, Group C [in Group B for Session 3], Appendix M, Sample 1c).  
The marks of three different classes (showing highest and lowest, mean etc.). The fraction of the class (2) that achieved 
higher than the mean (78%) is considerably smaller than the fraction of class (3) who achieved higher than the mean 
(65%). (Sally, Group C)  
In class two the mean number of students who received higher than 78% was less than the number of students who 
received higher than 65% in class three. (Molly, Group C) 
…. The middle line in the box represents the median or mean, and the lines on either side represent average points? Not 
sure. More achieved above the middle in class three. (Verna, Group A) 
Olivia, Hayden, Wen, and Sunita left the last part of this question blank. (Olivia, Group A; Sunita, Wen, and Hayden, 
Group C) 
Imprecise descriptions or use of terminology:  
More of class 3 achieved higher results than class 2, even though class 2’s mean was higher. (Cynthia, Group D)  
Figure 5.5. Interpretation Question 2b from Session 3 together with a sample of participant responses. 
Participants other than Hettie had little or no knowledge of the codes of box 
plots. An issue discussed by Woodward and Pfannkuch (2007), limited 
understanding of the concept of distribution with 25% of the data in each quarter of 
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the plot was evident in several participants’ work (e.g., Figure 5.5, Kim, Helen, 
Casey, Michelle, Pamela, Sally, Molly). Several participants were confused as to 
whether the central line in the box showed the mean or median (e.g., Sally, Michelle) 
and Verna used the two terms interchangeably, showing a lack of conceptual 
understanding of the difference between the two. Verna was also unfamiliar with the 
correct terminology quartiles, stating that the lines on either side of the box were 
average points. Pamela’s comment showed conceptual misunderstanding of the word 
median (Appendix M, Sample 1c) and Sally’s a misunderstanding of the word mean, 
which compounded her difficulties to make meaning of the graph. Michelle 
identified the graph as a stem-and-leaf plot and was evidently unable to break the 
codes including the fact that the axis showed mathematics marks not percentages, 
which impacted on her ability to make meaning of the graph (Appendix M, Sample 
1b). Olivia, Hayden, Wen, and Sunita had insufficient prior knowledge to complete 
the last part of the question, their limited understanding of the codes and underlying 
concepts preventing them from making full meaning of the graph. 
A number of reasons, including complex literacy practices, are possible for the 
challenges posed by box plots. As discussed by Woodward and Pfannkuch (2007) and 
evident in the participants’ answers, not all learners find the specialised codes of box 
plots easy to unravel, this constituting one part of constructing understanding of the 
graphs. Meaning making relies on a raft of code-breaking practices and conceptual 
understanding, with actual data values invisible, perhaps accounting for some 
students’ difficulties (Friel et al., 2001). Box plots have few parallels with other 
graph-types, for instance, they contradict learners’ prior experiences of other graphs 
in which area represents frequency (see Section 2.2.5). Compounding these factors, 
abstract ideas are inherent in the graphs. Evident in this study and discussed by 
Woodward and Pfannkuch (2007), understanding of technical mathematical language 
and concepts such as median, quartiles, and interquartile range is required for 
communicating about box plots. Also key in terms of readers making meaning of and 
having the ability to describe these and other graph-types, such communication 
depends on the conduction of statistical inferences (see Section 5.2.3), noted as 
important in the statistics and probability strand of the curriculum (ACARA, 2015b). 
Box plots are introduced in high school levels but are used to represent NAPLAN 
results, Hettie commenting on her challenges with making meaning of the box plots in 
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such results. This points to the importance of teachers mastering the ability to interpret 
such graphs, an example of text using in the FRM.  
Conceptual understanding of terminology in the examples 
Prior knowledge is crucial to meaning making in the FRM (Freebody & Luke, 
2003). Not only does making meaning of graphs depend on prior knowledge from 
other parts of mathematics such as knowledge of proportional reasoning and 
measurement, prior knowledge of key mathematical language and the underlying 
concepts enhances understanding of the context (Stack et al., 2010). The important 
role of conceptual understanding was evident in the discussion of the four graphs, 
being crucial to constructing meaning and communicating about the situations. On 
several occasions in the sessions there was evidence of participants’ challenges with 
the concepts average, mean, median, and mode, evident in work samples and audios 
(e.g., audio of Session 2, Group D). Because both the average height of trees graph 
and the box plot on mathematics marks relied on conceptual understanding of 
averages, questions arise about the depth of the participants’ understanding of the 
graphs. Such examples drew attention to the importance of deep conceptual 
understanding of key ideas in the construction of meaning of the messages in graphs.   
Specialised codes of the different graph-types 
The FRM outlined code breaking practices (Figure 3.1). Evident in the above 
examples, code-breaking requirements in graphs are surprisingly varied and often 
related to conceptual understanding, examples found in titles, labels, scales, grid, 
coordinates, bars, lines, keys, and box and whiskers. All graphs have unique codes 
linked to these elements, knowledge of a combination of which is needed for 
interpreting graphs (O’Halloran, 2005). Code breaking in graphs is dependent on 
order, spacing, positioning, use of symbols, colours, textures, and so on. On 
numerous occasions in the sessions, the participants experienced difficulties 
interpreting certain graph-types such as stem-and-leaf and box plots, both relatively 
new to the mathematics curriculum (Section 2.2.5). A lack of understanding of the 
codes and related conceptual understanding meant that success with meaning 
making, text using, and critically analysing the graphs was unlikely.  
For instance, evident in several transcriptions, a card showing a stem-and-leaf 
plot in the third activity in Session 1 stimulated queries and comments from some 
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participants. One participant thought it represented a graph but was unable to name 
the graph-type and in another conversation:  
Researcher: I would put this one with the graphs, because what type of a 
graph is it? 
Silvia: I don’t know. I’ve never seen a ... 
Researcher: You’ve never seen stem-and-leaf before?   
Silvia: No. 
Researcher: Okay. It’s called a stem-and-leaf graph, and it does come up in 
that category [graph category], so it’s something we’ll do in the third week.   
In another example (Table 5.1; Question 8, questions on mathematical 
symbolism in Session 2), most of the younger participants were able to name and use 
the key to interpret the stem-and-leaf plot. However, similar to difficulties described 
by Baker et al. (2001), five of fourteen participants were unable to decipher the 
maximum height jumped, their answers indicating that they were unable to use the 
unique codes and conventions in the graph in order to make meaning of the key, 
resulting in their challenges with making meaning of the graph. 
Table 5.1 
Participants’ Responses for Question 8 in Learning Session 2 
Question 8, Session 2, questions on mathematical symbolism Participants’ responses 
8. A group of 29 athletes were participating in high jump. The 
height which each student jumped is depicted below. What is 
the maximum height jumped?  
Height (cm) 
9 4  5   
8 2  5  6   
7 1  4  7  9     
6 2  3  5  6  6  8  9 
5 5  5  7  8  9  9 
4 3  4  6  9 
3 2  8  9                     7|5 means 75 cm 
 
Five out of fourteen participants in 
two groups were unable to read the 
highest number from the stem-and-
leaf plot. Helen (Group C) gave an 
answer of 94.5 cm and Hayden 
(Group C) simply circled the top row 
of numbers. Douglas (Group B) gave 
an answer of 95? Or 9?, Silvia 
(Group B) answered 94 cm, and 
Marie (Group B) gave 62356689 (the 
longest row of numbers). 
 
The text in the stem-and-leaf plot offered the readers few clues to aid meaning 
making. As is common in many graphs, and discussed by Bossé and Faulconer 
(2008) and Unsworth and Chan (2009), reading the graph depended on a non-
sequential pattern of movement around the graph, in order to access the meaning in 
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the title, captions, key, and contents. Inclusion of such elements meant that accessing 
the full meaning of the graph posed difficulties to some participants.  
Another question showed participants’ difficulties with the codes of stem-and-
leaf plots, albeit a generation rather than interpretation question. In an individual 
session while doing the first generation (encoding) question in Session 3, Hettie 
showed confusion, first selecting a line graph to plot a list of mathematics marks. 
Evident in an audio, when the researcher suggested that a histogram or a stem-and-leaf 
plot were appropriate choices, she admitted, “I don’t … don’t know what they are. I 
can’t remember”. After the researcher constructed a stem-and-leaf plot of the data, 
Hettie commented, “This is a weird one...”. However, with scaffolding from the 
researcher, she quickly mastered an understanding of the codes of the graph and was 
able to answer questions on the weird graph-type. Later in the audio she referred to her 
initial difficulties with the stem-and-leaf plot. In the same question, only one out of 
seven participants who constructed stem-and-leaf plots, incorporated a key in the graph 
(Appendix M, Sample 10, Betty). Also part of efficient use of codes in the graph, 
others omitted captions and labels and did not line the data up or sort them correctly, 
and Olivia omitted numbers between 20 and 60 from the stem. The participants’ 
difficulties with generating stem-and-leaf plots echo results from a study by Baker et 
al. (2001), which pointed to eighth- and ninth-grade students’ difficulties with 
generating such graphs.  
Overall, evident in their work samples and in verbal comments, many 
participants demonstrated or admitted little or no knowledge of stem-and-leaf plots, 
box plots, and histograms. Included in the next sub-section, Douglas’ final reflection 
referred to his unfamiliarity with the newly introduced graph-types. Of note, primary 
teachers require solid knowledge of stem-and-leaf plots, which are first introduced 
towards the end of primary levels, meaning that knowledge of such graph-types 
needs to be developed in preservice years. 
Another activity at the beginning of Session 2 focused on the diverse codes and 
conventions in mathematics, leading to interesting results. Because the activity did 
not focus on statistics and in order to shorten the document, discussion of the activity 
has been placed in Appendix N. Of interest, the final part of the activity in which the 
participants discussed challenges encountered by other preservice teachers with 
respect to the symbolism of mathematics was highly rated by the participants. This 
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resonates with Ryan and McCrae’s (2005) notions of the importance of using student 
errors to scaffold learning.  
Participants’ ability to interpret graphs 
Resonating in their reflections below and evident in the given examples, the 
participants experienced challenges and demonstrated lack of confidence with 
interpreting the given graphs.  
Molly: The more practice the better … [and it is] good to re-cap graphs for 
future teaching. (Session 3 reflection)  
Douglas: I'm very rusty on … and parts of the graph work. In particular, 
there were some techniques which have been introduced since I went to 
school [stem-and-leaf and box plot], so I’m completely unfamiliar with 
them. (Final reflection, Appendix L, answer to Question 2)  
Sunita: Different types of graphs – was good to touch base on it after years. 
(Session 3 reflection)  
Reflections are advocated in instruction that follows SC ideas, aiding learners to 
identify and rectify their own weaknesses, hence enhancing teacher efficacy (J. 
Edwards & Huntley, 2014). Evident in the study, another advantage of such 
reflections was their value to the researcher in terms of exposing topics where more 
scaffolding was needed.  
The researcher’s observations, the participants’ work samples from all the 
groups, and excerpts from the audios that include examples of participants’ difficulties 
with code breaking and meaning making of mathematical representations supported 
the above reflections. The lack of confidence corresponded to Alsup (2004), who 
identified statistics (and probability) as areas of concern for preservice teachers, and 
Monteiro and Ainley (2007), in which all 13 English preservice teachers interviewed 
commented on their weakness with graphs, suggesting an absence of focus on this 
topic in their studies to be a reason. This corresponds to a lack of emphasis on the 
characteristics of different graph-types in the previous state and national mathematics 
curricula in Australia, an issue identified by Watson and Fitzallen (2010).  
In order to help learners to construct a deep understanding of graphs, teachers 
require the ability to scaffold effective dialogue about the graphs. In the above 
examples, communication in the SC environment helped to expose the participants’ 
challenges and enabled them to gradually co-construct understanding of the meaning 
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of the graphs. By delineating the interpretation of graphs into categories, the FRM 
aided understanding of some underlying causes of the participants’ difficulties with 
code breaking, which at times impacted on meaning making. Such knowledge made 
possible the scaffolding of their knowledge of the literacy demands of graphs. 
Supported by Wall and Benson’s (2009) advice, preservice teachers would benefit 
from an increased focus on graphs, a focus on the literacy demands of graphs guided 
by the FRM in a SC environment.  
Notably the graphs (Figures 5.3, 5.4, 5.5) illustrated the use of code breaking 
and meaning making during the process of interpretation, but included little 
opportunity for text using and critical analysis. A graph similar to the average heights 
of trees graph (Figure 5.3) is possible in scientific documents and graphs similar to 
the box plots (Figure 5.5) are used to depict NAPLAN results, presenting an element 
of text using. In order to expose the participants to all four categories of literacy 
practices from the FRM, text from varied sources was utilised in the sessions, 
including text from mathematics textbooks, newspapers, and websites. Examples that 
lend themselves to broad use of literacy practices from the FRM are discussed in the 
upcoming sections.  
5.2.2 Integration of information 
Using text often involves integration of information from different parts of text, 
or from many semiotic systems (Fang & Schleppegrell, 2010; O’Halloran, 2005). 
Examples in the learning sessions were the modified NAPLAN questions used for the 
first two questions in Session 1, chosen because of their limited reliance on 
mathematical processing (Figure 5.6). The two questions were initially completed 
individually then, as per SC ideas, the answers were compared and discussed by the 
group to build fuller understanding of the text, in a method similar to the think-pair-
share strategy (Section 3.2.1). Interpretation of the questions required the participants 
to take cognisance of information from a combination of prose, symbolic 
representation, tables, and diagrams (Quinnell, 2014a); a process referred to as 
intersemiosis (O’Halloran, 2005). The process incorporated elements of code breaking, 
meaning making, and text using (e.g. use of everyday text such as that shown in the 
diagram in the second question). Inclusion of different elements in the text meant that 
they needed to be read differently from much text, which is read systematically from 
left to right. 
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1a. A postage company uses the formula 
below to calculate parcel sizes. 
size = depth (d) + height (h) + length (l) 
The maximum size allowed for parcels 
is 110 cm.  
Suppose you need to post the following 
four parcels. Are any of them too big? 
Explain. 
 
Parcel d (in cm) h (in cm) l (in cm) 
A 35 45 35 
B 25 20 45 
C 20 50 40 
D 25 35 35 
 
 
1b. The picture shows a sign that restricts 
parking in a certain street.  
Would it be legal to park in this zone for 
2.5 hours on a Saturday at 10:00 a.m.? 
Explain.  
 
 
Figure 5.6. Questions showing the use of multiple semiotic systems in mathematics (discussed in 
Quinnell, 2014a).  
An example of text using, the first question is based on a context that at times 
has application in the calculation of parcel sizes by postal and airways companies. 
Reliant on code-breaking practices, comprehension of the question depended on 
reading of the question in a non-linear way. This included reading the 2D table by 
simultaneously scanning the information in the columns and rows, and integrating 
the information in the table, equation, and visual in order to calculate the parcel sizes. 
Code breaking and meaning making also relied on readers’ ability to perceive the 
diagram as a 3D object that exists outside the picture, an idea explained by Serafini 
(2012). The question posed challenges to six of 22 participants. Michelle, Verna, and 
Sally stated that parcels A and C were too big, Sally later modifying her initial 
answer. The three participants seemingly correctly broke the codes of the various 
parts of the text, integrating information from the prose, equation, diagram, and 2D 
2 Hour 
Parking 
8.30AM-6PM 
MON-FRI 
8.30AM-12PM 
SAT 
length depth 
height 
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table. However, affecting meaning making they misunderstood or overlooked the key 
word maximum, an example of key information that is sometimes in unexpected 
places (see Barton et al., 2002). Hence, they initially believed that parcel C, with a 
calculated size of 110 cm, was unacceptable. Olivia stated that all parcels were 
acceptable since all given figures were less than 110 cm and Silvia too, was unsure 
due to the unusual way of calculating size, stating “if it is length or depth or height 
individually then none of them are too big”. Olivia and Silvia experienced challenges 
with breaking the codes and making meaning of the question, overlooking the 
information in the equation. Sunita also struggled with the code-breaking and 
meaning-making requirements of the question, changing her answer from parcel A to 
“no parcels” to parcel A.  
Evident in an audio, Hettie incorrectly transposed the meaning of the given 
information into words, stating that she was using the depth, length, and height to 
“make the area”. Casual or immature use of the word area (and volume) were also 
seen in other participants’ work samples in an activity in Session 1 in which the 
participants defined the attributes (see Section 6.1.1). As were others, Helen was 
confused by the formula given for size, which conflicted with her prior knowledge of 
the concept of volume, calculated by finding the product of the three dimensions 
with an answer given in cubic centimetres. She added a statement “but it should be 
multiply”. Moreover, two teachers chosen to check the question before the learning 
sessions faced similar confusion with the given codes, commenting that there may be 
a mistake in the unit centimetre in the question. These examples suggested that the 
participants had not adequately integrated the meaning of all information in the 
question, leading to difficulties with meaning making in the question. As discussed 
by Avgerinou and Petterson (2011) and Serafini (2012), a combination of semiotic 
systems in a question adds complexities by presenting a range of code-breaking and 
related meaning-making demands to the reader, the different elements needing to be 
read differently, and all elements needing to be seen in combination.  
In the second question, the first sentence drew the readers’ attention to the 
information in the diagram, information which was necessary in terms of answering 
the question but could be read at different stages in the reading process. The question 
presented challenges to six of 22 participants and one of the three teachers who pre-
checked the question, with two other participants showing confusion in their 
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answers. In this case, code breaking depended on familiarity with symbols and 
abbreviations such as symbols for decimals, representation of time, abbreviations for 
days and for morning and afternoon. Some of these were not represented in standard 
ways and were differently presented in the prose and the diagram. As in examples 
discussed by Martiniello (2008), meaning making depended on knowledge of key 
words such as legal and restricts. It also relied on conceptual understanding such as 
understanding of the difference between 2.5 hours and 8.30AM. Adding to the 
complexity of the text and part of text using, the question incorporated a visual of 
text commonly seen on road signs, the purpose of which gave clues about the 
meaning of the text. The title in the sign implied without stating that it is legal to 
park for a maximum of two hours during certain time periods, meaning that the 
participants needed to utilise their prior knowledge of the context. Successful 
meaning making of the question relied on integration of the given information with 
their prior knowledge, and interpretation with respect to the context, leading to a 
realisation that it is legal to park for any length of time after noon on Saturday. 
Answers that the parking was illegal suggested that all these elements had not been 
effectively considered, the participants who experienced challenges possibly not 
fully linking reading of the text with their knowledge of the context.  
Evident in this study and discussed by educators (e.g., Unsworth & Chan, 
2009), such text presents challenges to learners. Although answering the questions 
depended on limited mathematical processing, difficulties stemmed from the literacy 
demands and the related understanding of the concepts, difficulties evident in the 
work samples and echoed in the following reflection: 
Helen: Doing the NAPLAN test as the first activity was difficult to 
understand – some of the questions seem like trick questions because they 
were easy then become trick questions. (Final reflection) 
The complexity of information presented in such questions should not be 
underestimated, suggesting the need for cautious reading and detailed discussion about 
the codes and meanings. As seen in Lowrie and Diezmann (2009), making meaning of 
mathematics text that incorporates varied elements can be fickle and complex, and 
influenced by factors such as small changes to diagrams, use of bold print, or shading, 
factors that are insufficiently understood. Full comprehension and effective use of such 
text includes breaking the codes and integrating meaning from the varied semiotic 
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systems and acting on knowledge of the different social and cultural functions of parts 
of the text as used in everyday situations. The FRM aided understanding of the process 
by outlining the necessary literacy practices, which in the above questions included 
code-breaking, meaning-making, and text-using practices. The examples demonstrated 
the importance of mathematics learners being able to move smoothly between different 
representations of ideas in mathematics, with different representations often presenting 
different information and perspectives, and having different strengths and weaknesses 
(Siemon et al., 2011). The examples exposed the importance of context, which adds 
complexities to questions, obliging the reader to rely on prior knowledge and everyday 
experience, important elements of meaning making and text using in the FRM 
(Freebody & Luke, 2003). Evident in the examples, “the proficient user of literacy is 
now a person with a broad lexical, grammatical and textual repertoire, along with 
heightened sensitivity to the variations of genre and register that are called for in 
different communicative situations” (Freebody & Luke, 2003, p. 59). Such examples 
are important in terms of preparing learners for active participation in a multiliterate 
society. 
The questions in this section included code breaking, meaning making, and text 
using, but not critical analysis, the fourth dimension of the FRM. A third question 
was added to introduce the participants to critical analysis. Together the three 
questions at the start of Session 1 (Appendix J) inspired verbal discourse about the 
FRM, reference to the four families of practices guiding full interpretation of the 
texts. In the next section, examples that depend on all four families of literacy 
practices described by Freebody and Luke (2003) in the FRM are discussed.  
5.2.3 Broad use of the four families of practices to make meaning of graphs 
Literacy today requires more than the ability to utilise and write symbols (Luke 
& Freebody, 1990), covering a broad repertoire of textual practices including critical 
analysis as per the FRM (Freebody & Luke, 2003). This is reinforced by Whitin and 
Whitin’s (2008) statement that “being a critical reader of data is an integral part of 
being fully literate in today’s information age” (p. 432), enabling readers to look 
beyond misrepresentation of data in the media. Critical analysis of mathematics text 
became increasingly important in the learning session activities, in which the 
participants analysed text for possible bias and constructed text with a particular bias. 
Deep analysis of the meanings of some everyday text was achieved with guidance 
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from the FRM. Tied closely to this was the SC learning environment in which the 
learning occurred, with a priority placed on collaboration, scaffolding of learning, 
and reflective learning.  
The learning was scaffolded through the use of a simplified FRM heuristic 
(Figure 5.2), and through negotiation of meaning in verbal discourse. The researcher 
facilitated the process encouraging the participants’ to talk about the content and 
drawing their attention to key vocabulary, necessary background information, 
comprehension strategies such as identification of key and subordinate ideas, the 
authors perspective, and purpose of the texts. 
Hail Mary article 
Initially the contents of a newspaper article titled Hail Mary ... Fall from 
Grace. How they stand. that focused on Australia’s medal tally in the Olympic 
Games was collaboratively discussed and analysed (Figure 5.7). In their first steps 
towards meaning making, the 2012 participants volunteered that the title and the 
countries’ names required interpretation. The researcher asked about the prior 
knowledge of the content and context needed to decipher the report. Hettie noted that 
the data related to the Olympic Games and Taylor referred to the different Olympic 
medals. In early stages of code breaking, other participants identified the need to 
decode the abbreviations G, S, B, and T (for gold, silver, bronze, and total), the 
numbers, and the layout and directionality in the 2D table. Hettie admitted that she 
was unfamiliar with the abbreviations G, S, B, and T, lacking knowledge of the 
codes limiting her meaning-making ability. Providing scaffolding, the researcher 
encouraged her to think of the context of the text, the social and cultural aspects of 
literacy being concerned with the ability to make meaning in relation to the context 
(Baguley et al., 2010). Important in terms of accessing the information in the 2D 
table, it was necessary for readers to read information in the vertical columns and 
horizontal rows simultaneously, with an understanding of the inferred meaning of the 
symbols and the fact that the data was organised in order of number of gold medals. 
Also part of code breaking, Olivia noted the colour coding of Australia to emphasise 
its position: “You’ve colour coded Australia to highlight it”. These were their early 
steps towards collaborative meaning making and evidence of the participants’ 
engagement in the process. Gradually, the meaning of the text was jointly examined, 
key ideas and prior knowledge identified, and inferences and connections 
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constructed, with reference to the overlap of information in the written words, 
symbols, and 2D table.  
Hail Mary ... Fall from Grace. 
(MX, 2012, July 31, p. 11) 
 G S B T 
China 9 5 3 17 
USA 5 7 5 17 
France 3 1 3 7 
North Korea 3 0 1 4 
Italy 2 4 2 8 
South Korea 2 2 2 6 
Russia 2 0 3 5 
Kazakhstan 2 0 0 2 
Japan 1 4 6 11 
Australia 1 2 1 4 
Figure 5.7. Data on the Olympic Games 2012 used in the learning sessions. 
Constructed meanings were shaped by the participants’ experiences and prior 
knowledge of the context. Discussion revealed that differing views and knowledge of 
the Catholic religion affected interpretation of the title, the religious undertones 
possibly off-putting to some learners. The title, suggesting a fall from grace, was 
incomprehensible to readers who were unaware of Australia’s excellent past record 
at the Sydney Olympics, lack of prior knowledge limiting full meaning making. 
These are examples of how learners may be excluded by unfamiliar topics, some 
inferences depending on readers’ prior knowledge, while others are drawn directly 
from the text (Freebody, 2000). As discussed by Harris et al. (2006), in terms of 
meaning making, the participants then went beyond the meanings in the text, 
discussing views about money spent and drugging in sport. 
The participants were unsure of the text-user practices, such practices relying 
on attention given to the purpose and audience of the text. The text was published in 
a newspaper, the purpose being to engage and entertain the readers, suggesting a 
need for deeper interrogation of the text. In the study, the text was used in 
mathematics instruction in the endeavour to introduce the participants to the FRM. In 
this case, the participants were using the text by engaging in discussion based on 
their repertoire of social, cultural, and religious knowledge about Australia, sports, 
and the Catholic religion in order to fully comprehend the text. The Olympic Games 
was seen to be an interesting topic, relevant to a wide range of learners. The text 
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incorporated varied text-types such as prose and information in table form, drawing 
on various text-user practices.  
With direction from the FRM heuristic (Figure 5.2), focus turned to critical 
analysis in the FRM, data coded CA in the thematic analysis (see Figure 4.1). As 
noted by Stack et al. (2010), in order to ascertain whether text is plausible, questions 
need to be asked about the reputability of the source. The text was written by an 
unknown author and printed in a newspaper, suggesting possible credibility issues. 
Hence verbal discourse turned to the perspectives reflected in the text and elements 
of the text that could influence readers’ ideas. The participants noted that the title, 
Hail Mary ... Fall from Grace (MX, 2012, July 31, p. 11), would covertly position 
readers by portraying a view that Australia was faring badly, suggesting the need to 
pray for help. As discussed by Avgerinou and Petterson (2011) such titles can 
influence interpretation. Another source of bias, the group overlooked the fact that 
the authors’ viewpoint was based on data from only the first few days of the Olympic 
Games, suggesting that more information was needed to fully understand the results. 
With scaffolding from the researcher, the participants realised that the meaning of the 
text was altered by arbitrary choices made when presenting the data. Debate ensued 
about the positioning of the countries according to number of gold then silver then 
bronze medals, placing Kazakhstan with a total of 2 gold medals above Japan with a 
total of 11 medals. Hettie suggested weighting, such as three points for gold, two for 
silver, and one for bronze, and Olivia suggested alphabetical order, which would put 
Australia on top. Further discussion entailed information beyond the report such as 
whether Australia should be able to compete with countries like China with its huge 
population, hence bringing the title of the report into question. No one commented 
that if the number of gold, silver and bronze medals were equal, alphabetical order 
was used to order the countries, placing South Africa two places below Georgia with 
the same number of medals.  
Drawing attention to contemporary versus traditional thinking about 
mathematics teaching, Fred questioned whether discussion of such subjective text 
has a place in mathematics classrooms. This resonates with queries voiced by 
preservice teachers in Robertson and Hughes’ (2011) study. Fred suggested that he 
would use the numerical data, not the whole text, which overemphasised the 
importance of sport, meaning that he would lose the text-using and critical-analysis 
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opportunities in the activity. Perhaps as in the studies undertaken by Stack et al. 
(2010) and P. White et al. (2009), Fred and the teachers who voiced such concerns in 
Robertson and Hughes’ (2011) study were reluctant to step away from their 
traditional views of mathematics teaching practice with a high degree of focus on 
repetition and recall (Robertson & Hughes, 2011). Aligned to SC ideas about the 
active construction of knowledge, as discussed by Robertson and Hughes (2011), the 
perspectives today have shifted towards a more active perspective with an inclusion 
of critical thinking. To counter Fred’s queries, the researcher referred to the 
importance of the text using and critical-analysis practices in the FRM, and of an 
inclusion of multiple views and critical thinking, stressed across all subject areas of 
the Australian Curriculum (ACARA, 2015c).   
With guidance from the balanced approach depicted in the FRM heuristic, the 
participants jointly constructed an in-depth understanding of the text with reference 
to all four families of practices. In a process in line with SC ideas, the activity took 
place in an environment that was “participatory, proactive, communal, collaborative, 
and given over to constructing meanings rather than receiving them” (Bruner, 2006b, 
pp. 182-183). Interaction was encouraged, conversation stimulated, and debate 
inspired. In a process such as that described by Bruner (2006b, p. 172), 
understanding of the text was constructed in the lively discussion in which ideas and 
perspectives were shared. Guidance from the FRM heuristic in a SC setting appeared 
to lead the participants beyond superficial meaning making as passive text consumers 
to deeper and active access to the messages in the text. With the use of the FRM 
heuristic they were led towards extension of understanding of the origins, 
authenticity of ideas represented, and the effects that the text could have on readers’ 
beliefs. The multiple experiences and prior knowledge of individuals enhanced the 
literate product, as described by Wood (2002). Characteristic of constructivism as 
described by Guba and Lincoln (2005), the process relied on individual and 
collective construction of meaning, with some degree of consensus within the group. 
Graphs from the media 
In the subsequent activity in Session 3, the groups co-constructed meaning of 
two media graphs (Figure 5.8), examples of graphs that may be seen as authoritative 
by learners. Collaboration and scaffolding operated simultaneously in the SC 
environment. Scaffolding of learning was achieved in multiple ways, as suggested by 
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Ferguson and McDonough (2010), Meaney et al. (2009), and Holton and Clarke 
(2006) respectively, through use of scaffolding conversations, scaffolding steps, and a 
heuristic to aid the interpretation of representations with guidance from the FRM 
(Appendix D). Hence the graphs of median travel time to work and health emergency 
waiting times were interpreted, and the resultant conversations recorded and 
summarised in the researcher’s field notes. Leading the participants towards becoming 
more independent users of text, in a method similar to that described by Meaney et al. 
(2009), the researcher modelled use of the FRM heuristic for interpretation of the first 
graph and encouraged the participants to do the next independently.  
Median Travel Time to Work 
Source: Quest Newspapers YourVote online 
survey of more than 2300 respondents in 
Australia (Rodney, 2012, February 2, p. 5). 
Copyright 2012 by Quest Newspapers, Reprinted 
with permission. 
 
Public Health System at ‘Breaking Point’ 
Source: Quest Newspapers YourVote online 
survey of 2773 respondents in Australia (Davis, 
2012, February 16, p. 6). Copyright 2012 by 
Quest Newspapers. Reprinted with permission. 
(Discussed in Quinnell, 2014a, 2014b). 
 
Figure 5.8. Graphs from the media used as reading material in the learning sessions. 
Pertaining to code breaking and meaning making, discussion on the travel time 
graph included focus on breaking the included codes and making meaning of key 
words and concepts. Interfering with her progress as a meaning maker, Olivia was 
confused by the word median suggesting that it referred to the most common number 
and stating that to get a median you add the numbers and divide by the number of 
figures. This resonated with other participants challenges with the words mean and 
median (see Section 5.2.1). Olivia experienced difficulty interpreting the graph, stating 
that she did not know where the people were travelling to. Taylor suggested that the 
graph raised questions about why people in certain areas take longer to get to work, 
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useful data for future planning. The participants suggested that people living outside 
Brisbane may cover larger distances to work, Taylor stating that “city dwellers may 
live closer to work, therefore reducing the median”. A good basis of a question on the 
graph, Hettie suggested that the graph did not mean that you should live in Brisbane 
not Moreton Bay because you would get to work faster. Although such texts may 
appear to readers to be neutral or factual, all text needs to be analysed for bias and 
misrepresentations. In a quest to enhance critical-analysis competencies, the researcher 
prompted critical discussion of the text, for instance drawing attention to the nature of 
the data collection. With scaffolding the participants noted that the data were gathered 
from a sample of 2300 participants in an online survey, hence were unlikely to be 
representative. A graph of this nature could be affected by the home locations of the 
participants, who may not have been randomly chosen. Further, the unknown identity 
of the author, led to possible questions about credibility of the data.  
After the group had participated to co-construct meaning of the first graph, the 
meaning of the emergency waiting times graph was considered, first individually and 
then amongst members of the group, who aided each other to construct deeper 
understanding. Finally the graph was discussed by the class. Marie’s, Cynthia’s, and 
Kim’s analyses of the emergency waiting times graph are included in Appendix M 
(Sample 3). Their individual answers and the following verbal discourse were 
evidence of the participants’ code breaking, meaning making, and text using abilities. 
They noted that breaking the codes relied on familiarity with percentages, symbols 
(%, 10+), numbers, time in hours and minutes, and deciphering of a bar graph. They 
stated that meaning is made from these and from knowledge of key terms such as 
public, health, emergency, and breaking point, and prior knowledge of emergency 
health and emergency waiting times in Australia. Also noted, emergency in this case 
applied to health, not immediately obvious from the title on the graph. Although the 
text was used for learning, the participants noted that the graph was initially 
published in a newspaper to give information, and similar information could be used 
for public awareness or by planners and health service providers, meaning that the 
ability to interpret such graphs is crucial for text users in society.  
In order to further extend the balanced approach advocated by the FRM it was 
necessary to analyse the underlying views (Freebody, 1992) and possible biases. As 
advocated by Freebody and Luke (2003), the participants acted on their 
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understanding that the second graph was not neutral, expressing varied ideas in their 
critical analysis of the text. Building on scaffolding from the travel time graph, they 
showed that they were becoming more independent critical analysers by commented 
on issues relating to data collection and small sample size, especially since the data 
applied to the whole of Australia. Presentation of the given data from a small sample 
of online participants meant that all other voices were silenced (Freebody & Luke, 
2003). Showing awareness of the need to move beyond literal interpretation of the 
text (Watson & Fitzallen, 2010), the participants discussed data collected by phone or 
internet surveys, which may not provide representative results due to the nature of 
the people questioned or those who volunteer to participate. They jointly noted that 
there was no information on the nature of emergencies/injuries, or whether online 
participants came from rural or urban areas, or whether there were multiple hospitals 
in the area. The text portrays an exaggerated perspective designed to engage readers, 
which as noted by the participants was evident in the emotive title (Public Health 
System at ‘Breaking Point’). Such a title could influence people’s ideas (Freebody & 
Luke, 2003), impacting on their interpretation, and may be misleading since people 
who waited the longest may have had trivial complaints. Evident in an audio, this 
idea resonated in Hettie’s statement, which suggested that the 7% of people who 
waited more than 7 hours were probably not those having heart attacks. Importantly, 
the presented data may not have represented a crisis as suggested by the title. 
Elements of the constructed meaning depended on the discourse contributions of 
individuals. Olivia, previously a physiotherapist, contributed to the participatory 
meaning-making and critical analysis process by referring to quality of treatment and 
national and international benchmarks for waiting times. Evident in the verbal 
discourse, the participants were thinking about the deeper meanings of the text in 
order to make critical comments about its contents, thus showing emergent 
understanding of critical-analysis practices. 
However, suggesting the importance of teaching critical literacy in preservice 
education, the participants needed scaffolding from the researcher in terms of 
commenting critically on mathematical elements of the graph, both the overt and 
covert messages in the data needing identification (Robertson & Hughes, 2011). 
With guidance, they noted that the last interval was called 7 hours to 10+ hours. 
Hettie volunteered that this should read 7 to 10 hours; however, this would not 
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include those who waited more than 10 hours. Notably, use of 7 to 10+ hours gave 
no indication of the maximum waiting time, which could have been marginally more 
than 7 hours. With guidance from the researcher, the participants observed the gap of 
an hour on the x-axis, between 2 and 3 hours, although the sum of the percentages 
was 100%. This omission drew attention to credibility issues. Moreover, the 
participants noted subtle ways in which the readers were influenced, such as through 
the use of inconsistent time intervals on the x-axis, the first bar representing 30 
minutes and the others more, although all bars were the same width. This meant that 
the first bar was lower than it would have been for a longer time interval. These are 
examples of ways in which readers’ perceptions of the displayed data can be affected 
through arbitrary choices taken in the presentation of data.  
The participants offered good statements in terms of critical analysis, but as 
previously discussed in the Hail Mary example the initial statements largely focused 
on a non-mathematical analysis of the topic, rather than on better choices of graph-
type, selection of the sample, or different intervals of time represented by the bars. 
Some of their statements were based on prior knowledge such as knowledge of long 
emergency waiting times, prior knowledge being important for critical analysis and 
comprehension (e.g., Rush, 2004). With scaffolding, they developed some 
understanding, as discussed by Whitin and Whitin (2008), that different samples or 
choices when representing data can yield very different graphs. Not mentioned was 
the unknown identity of the authors and purpose of the excerpts, and the fact that the 
data collection questions for the two graphs in Figure 5.8 may have affected the data 
collected by silencing certain voices (Whitin & Whitin, 2008). Notably, broad 
analysis of the text depended on understanding of a broad range of factors that can 
cause bias in such text. 
Facilitated by the theoretical framework, the participants were aided towards 
constructing enhanced meaningfulness of the messages in the graphs including the 
mathematical content. This is aligned with an aim of literacy programs to aid 
students to become more effective text consumers (Freebody, 2000). As discussed in 
Cobb and Yackel (1998), the participants co-constructed meaning in a SC setting 
through participant-participant and participant-researcher interactions. Noted by the 
researcher in the field notes, use of the FRM heuristic guided the discussion and 
debate, encouraging the participants to hone a broad repertoire of literacy practices 
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and enabling them to deeply analyse the meaning of the text. Through reading, 
viewing, writing, speaking, and listening a combination of the participants’ 
linguistic, mathematical, and cultural knowledge, learnt from prior educational 
experiences and from everyday life, was blended to aid construction of an in-depth 
interpretation of the text. As advocated by Freebody and Luke (2003), the activity 
gave the learners opportunities to acquire, blend, and apply a variety of literacy 
practices in the meaningful literacy activity. The activity, which relied on carefully 
chosen text and use of a FRM heuristic, avoided limited literacy practices, such as 
too much focus on meaning-making practices and too little on text using and text 
analysing, as seen in activities described by Freebody and Luke (2003). In line with 
Robertson and Hughes (2011) statement that “critical media literacy skills help 
students interrogate, deconstruct, and uncover the layers of media messages” (p. 38), 
the focus on a broad range of literacy practices including text using and critical 
analysis, led the participants to a construction of a broader understanding of the text 
than may have been achieved in the absence of the model. The model aided the 
participants to analyse the text for accuracy and to search for underlying purposes 
and agendas. Inclusion of some focus on critical analysis assisted the learners to 
analyse the texts to ascertain their credibility and to draw justified inferences, 
diminishing beliefs about the authority of the texts.  
Examples of Session 3 reflections from all groups referred positively to use of 
the four resources heuristic for interpreting graphs (Table 5.2), suggesting that 
breaking the process into steps aided interpretation, the model drawing attention to a 
broad range of aspects, including critical analysis practices in literacy. Casey stated 
that such a method helps “teachers to prompt students into thinking deeply about 
graphs, purposes and meanings”, tackling “all aspects of graph decoding/encoding”, 
ideas also expressed by Silvia. They suggested that text and graphs should be 
analysed in depth, by drawing students’ attention to code breaking, meaning making, 
and critical analysis. Several participants stated that they would use the FRM 
heuristic when teaching. For instance, Marie stated that use of the model would aid 
her to be attentive to learners’ understanding of text (Appendix M, Sample 2b, 
Session 3 reflection, Marie). However, Wen stated that she would benefit from more 
practice with the heuristic, a valid comment acknowledged by the researcher. More 
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practice would have benefitted the participants but was impossible due to their time 
constraints.   
Table 5.2 
A Sample of Participants’ Comments from the 2013 Learning Session 3 Reflections about Use of the 
FRM Heuristic for Generating/Interpreting Representations  
 Group B, 2013 Group C, 2013 Group D, 2013 
FRM 
Heuristic for 
Generating 
(Encoding) 
and 
Interpreting 
(Decoding) 
Representa-
tions in 
Session 3 
Marie stated: 
“Given steps 
makes it easier to 
decode graph 
[sic]. [The model] 
makes me stop to 
determine reasons 
behind the data → 
will make 
students more 
critical of 
information [her 
students]. Will 
make me check 
that students 
understand what 
is presented to 
them”. (Appendix 
M, Sample 2b – 
Marie) 
Sally stated that she found the 
four resources heuristic “useful 
as a guide to encode and decode 
text and the [sic] graphs”. She 
continued that the heuristic 
provides an “outline of how to 
decode/encode, [and] the graph 
can be read and critically 
analysed with care”. (Sally)  
Sunita commented that the 
heuristic “was very useful. Got to 
understand the concept of it and 
can apply it to many graph 
readings”. (Sunita)  
However Wen stated that she 
would gain more benefit from 
more practice with the heuristic. 
(Wen)  
Casey stated that the heuristic 
provides a way of scaffolding 
understanding of graphs and 
ensures that all aspects of the 
encoding/decoding of graphs are 
covered. (Casey) 
Cynthia referred to it as a very 
helpful way of “breaking down 
how graphs could be analysed”. 
(Cynthia)  
Michelle stated that the model 
“was a very good way to break 
down reading in graph from 
basic elements to complex 
analysis”. (Michelle)  
Kim stated that use of the model 
was not unknown and “could 
easily be implemented in a 
classroom”. (Kim)  
 
Modelled strategies such as the scaffolding steps from Meaney et al. (2009) 
provide learners with deepened understanding of ways of implementing literacy 
pedagogies into lessons, the idea of scaffolding learning being inherent to SC 
learning theories (Section 3.2.2). Reflections about use of scaffolding steps similar to 
those described by Meaney et al., in combination with the FRM heuristic, were 
largely positive. Wen referred to the benefit of “modelling to show students how to 
interpret diagram[s] before getting students to do the exercise”. Michelle stated that 
such a teacher demonstration aids students to process different elements of the 
question (different literacy practices), a method that she would use to scaffold the 
meaning of graphs in the classroom. However, although Sunita commented that such 
a process aided her to understand the use of the FRM and stated she would be able to 
apply the method in the classroom, she suggested that it may not be very useful. 
Evident in these examples, reflections in a SC classroom provide the facilitator with 
information to aid future teaching, such as information about preferred activities and 
conditions. 
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Accidents in Warwickshire 
 
Figure 5.9. Example question including focus on critical analysis.  
In a question on road accidents in Warwickshire in Session 3 (Figure 5.9), 
three levels of questioning were used, comprising reading the data and reading 
between and beyond the data (Monteiro & Ainley, 2007). They initiated different 
levels of thinking and entailed all four dimensions of the FRM. The third and fourth 
questions required reading beyond the data, including interpretation and critical 
analysis based on a trend line. Initially the participants answered spontaneously 
without careful analysis of the graph. As in Monteiro and Ainley’s (2004) study, 
many of their initial answers were superficial with no justification, initiating further 
scaffolding from the researcher. The last two questions presented particular 
challenges to the participants, many experiencing difficulty with predicting figures 
for 2001 and 2010–2020 and with critically analysing the graph. Similar to a teacher 
in Monteiro and Ainley’s (2003b) study, several answers suggested a higher injury 
and death rate in 2001 than in 2000 since the previous two figures had shown an 
increase. Although possible and acceptable with justification, this suggested that the 
participants may not be looking beyond the minor fluctuations in the graph. As did a 
participant in Monteiro and Ainley’s (2004) study who stated that “there doesn’t 
Total deaths and serious injuries in Warwickshire
From Quality of life in Warwickshire, September 2001, pp. 93-94 (Monteiro & Ainley, 2007)
Reading the data questions: What is the lowest actual death and serious injury rate in a year between 1994 and 2000?
Reading between the data questions: Between 1994-1995, and 1997-1998, there was a decline in the number of deaths 
and serious injuries. Which period represents the greatest decline?
Reading beyond the data questions: What is your prediction for death rate and serious injury in 2001? If the targets for 
2000-2010 were met, what do you think the pattern might be for 2010-2020? 
Critical analysis: Critically analyse the graph for purpose, possible bias, or misrepresentation (See Whitin & Whitin, 2008 
heuristic).
1994     1996   1998     2000     2002     2004     2006     2008     2010
800
600
400
200
0
Total 
deaths 
and 
serious 
injuries
769               765
665  717
608
633        632
Targets
 Chapter 5: Results, Discussion, and Analysis – Statistics 185 
seem to be a trend” (p. 364), they initially appeared to overlook the overall trend 
reinforced by the trend line, another code in an already complex graph.  
Olivia could answer only the first question. In the second question she 
suggested that the two values should be added or a median calculated, and then the 
lowest figure chosen, instead of correctly stating that subtraction was required to find 
the biggest decline in numbers. This suggested difficulties with meaning making 
and/or conceptual understanding. In the third question she hesitated and expressed 
concern about predicting, asking, “Are you guessing?” Olivia and other participants 
were unsure about making predictions from the data. This resonates with Monteiro 
and Ainley’s (2004) study in which one participant stated “The targets don’t really 
mean anything” (p. 366), implying the need for deeper discussion about identifying 
and using trends in mathematics. It is possible that Olivia, as did Fred in Session 1, 
believed that mathematics is an objective subject, with no element of prediction or 
critical analysis, a portrayal of mathematics resonating with that described by 
Shanahan and Shanahan (2008). Olivia’s question about guessing is relevant in a 
subject that has traditionally required one correct answer for most questions. 
However, expressing answers in statistics, for instance interpretation of graphs, 
depends on articulation of fully supported statements, which use subtle language to 
portray a degree of uncertainty (Watson & Fitzallen, 2010; Woodward and 
Pfannkuch, 2007). This is supported by the focus placed on inferences and critical 
evaluation in the statistics and probability strand of the curriculum (ACARA, 2015b). 
As for Olivia, few of the participants showed an aptitude for predicting. 
Evident on an audio, Olivia predicted a death and serious injury rate of 700 in 2020. 
Her justification was that after the figures previously went down, they then 
increased, a statement which suggested that she had not considered the trend line. 
After the researcher suggested that she look again and that the answer was needed for 
20 years’ time (2020), supposing the trend line was correct, she answered 400 
followed by 200. Such answers showed immature understanding of the subtle 
statements needed to convey a degree of uncertainty in predictions.   
Aligned to SC methods, collaborative analysis of graphs presents teachers with 
opportunities to incorporate active and constructive strategies that encourage learners 
to “enquire, investigate, analyse, and interpret, rather than compute and memorize” 
(Monteiro & Ainley, 2010, p. 24). It is the teacher’s responsibility to facilitate joint 
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construction of understanding through use of argumentation including language that 
implies some degree of uncertainty. Some teachers may find the process difficult, as 
it relies on knowledge of probability and demands the highest level of statistical 
understanding (Watson & Fitzallen, 2010; Woodward & Pfannkuch, 2007). An 
example is predictions, or calculated guesses based on given facts, with answers that 
vary but are well justified. A prediction of the death and serious injury rate of 
between 600 and 630 in 2001 is acceptable if it is justified that the rate appeared to 
stabilise in the previous three years. Consistent with constructivist ideas, the answer 
may vary from others’ interpretations, which are also acceptable if well justified 
(Phillips, 2000). This presents a different view of mathematics compared to the 
traditionally accepted objective nature of the subject. As did the teachers in the 
studies by Stack et al. (2010) and P. White et al. (2009), which described the use of 
everyday examples on percentages and averages to foster critical-analysis 
competencies, the participants in this study initially lacked confidence to step away 
from the traditional way of teaching mathematics towards this type of thinking. 
These studies suggest that more research into teachers’ knowledge and views about 
and communication of inferences is needed, supporting a suggestion made by 
Woodward and Pfannkuch (2007). 
With scaffolding from others including the researcher and reference to prior 
knowledge about road safety, the participants were aided to critically analyse the 
graph, making comments with justifications about future injury and death statistics 
based on the context, and on all information in the graph including the trend line. 
This resulted in suggestions that the figures were expected to decrease but that the 
trend line sloped too steeply and may not accurately predict future figures. At the 
existing rate of decrease, deaths and serious injuries would decrease to about 200 by 
2020, a figure that the participants suggested was unrealistic due to factors such as 
population increases. After discussion, Olivia suggested that the “trend line is a little 
bit ambitious”. The collaborative environment encouraged the participants to 
negotiate and co-construct meaning. As did the preservice teachers in Monteiro and 
Ainley’s (2007) study, they expressed opinions based on prior knowledge about a 
range of factors that may affect the trends, seemingly understanding the importance 
of connecting their life experiences and views with what they read. Taylor suggested 
that the predicted numbers would depend on population demographics and Olivia 
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referred to new laws such as speed limits impacting on the trends. Referring to 
choices made by the author of the diagram, the participants noted that defining 
serious injury is difficult and that the given graph hid the death statistics. As stated 
by Serafini (2012), “the reader as interrogator must consider the production of 
images and multi-modal texts and the intended audiences for such texts when 
constructing meanings during the act of reading” (p. 160). Exercising critical-
analysis competencies, the participants showed growing realisation that the choice of 
data represented and arbitrary choices made in representations may impact on the 
perceived meaning of graphs. Overall the verbal discourse suggested some shared 
understanding that one cannot assume that messages in representations are 
transparent, and that interpretations often rely on a complex mix of literacy practices, 
including formal knowledge of mathematics and prior knowledge of context.  
5.2.4 Matching data and graphs and generating graphs 
Activity on matching data and graphs 
In order to scaffold the participants’ knowledge of matching data with graphs-
types and introduce them to multiple representations of data, a card activity was 
used. In the activity, small groups of participants matched cards showing data 
represented in lists, tables, and different graphs (Appendix P, Sample b), exposing 
them to a broad spectrum of literacy in mathematics. Reinforcing the researcher’s 
observations, all bar one participant rated the activity very useful or useful out of five 
categories ranging from very useful to not useful in terms of its value in learning 
(e.g., Appendix M, Sample 2b, Session 3, Marie). Such matching activities provide a 
useful introduction to generation of graphs, which relies on the appropriate choice of 
graph-types to represent data. 
Generating representations guided by the four resources model (FRM) 
While use of the FRM from literacy education often applied to data 
interpretation in the study, the model was also useful when representing data. This 
resonated with Freebody and Luke’s (2003) and Robertson and Hughes’ (2011) 
views that literacy practices can be fostered by giving learners opportunities to create 
text. Hence the FRM heuristic (Figure 5.2; Appendix D) was used to guide the 
process of representation. Whilst doing the encoding questions in Session 3 the 
participants’ attention was drawn to the need for care when representing data, such 
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that the actual meaning is depicted in a way that aids the reader to break the codes, 
make meaning, and make use of the text. Thus, careful representation of data is 
required, including cautious use of codes such as labels, numbers, keys, and scales. 
The participants’ attention was drawn to the possibility that when representing data 
bias may be introduced (Mackinlay, 1999), through use of 3D graphs, deceptive 
titles, and y-axes starting at non-zero numbers.  
Question 4 of the encoding questions in Session 3 on airline passenger numbers 
drew on all four dimensions of the FRM (see Figure 5.10). Relying on code-breaking 
and meaning-making practices, the participants needed to interpret the data in the 
table, then represent these data graphically. The second and third elements of the 
question involved text using and critical analysis, introducing them to possible 
misuse of such text in society. This was achieved by asking the participants to design 
an advertisement depicting the same figures, but portraying success of the airline 
company, an example of a statement by Freebody and Luke (2003) that text can be 
“redesigned in novel and hybrid ways” (p. 57).  
4. An airline company gave the following figures for number of passengers in 2010 (rounded to 
nearest 500). 
First quarter Second quarter Third quarter Fourth quarter 
50 000 60 000 65 000 75 000 
a. Plot this information on a graph.  
b. Now suppose the airline company has enlisted you to design an advert which shows the above 
figures. Modify your graph to enhance the company’s successes. 
c. What is your prediction of number passengers in the last quarter of 2011? Explain. Is the trend likely 
to continue? Explain. 
Figure 5.10. Encoding question from Learning Session 3 with a focus on critical analysis.  
Part (a) of the question presented challenges to many participants. Eight 
participants started the y-axis at a non-zero number (e.g., Douglas, Sunita), 
overlooking the deceptive influences that this may have on the graph. Showing 
challenges with code-breaking practices, Betty used inconsistent spacing on the y-axis 
(e.g., Appendix M, Sample 10, Session 3, Betty). As evident in Betty’s work, she 
chose a line graph to represent both the mathematics marks and the airline passenger 
numbers in the first and fourth encoding questions, both inappropriate choices of 
graph-type. Only seven participants correctly used a histogram to depict the passenger 
numbers per quarter, data which is akin to grouped data. Seven others incorrectly 
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suggested use of a line graph (e.g., Douglas, Betty). This showed immature 
understanding of data that apply to intervals rather than a point, with use of a line 
graph altering the meaning of the data. Joining of plotted points on a line graph implies 
that there are points between the given points, a misrepresentation of the airline 
passenger data. The error is similar to that seen in De Klerk (2010) where monthly 
rainfall was depicted on a straight line, altering the meaning of the data. The 
representation implied that the rainfall in the middle of January was 30 mm for 
instance, whereas the actual meaning was that the total rainfall was 25 mm in January 
and 35 mm in February. In another study question, Sally made a similar mistake, 
plotting the price of bananas on a bar graph not a straight line (Question 2, encoding 
questions in Session 3), incorrectly suggesting that any mass of bananas between one 
and two kilograms was the same price. Such errors occurred because of 
misunderstandings of mathematical codes and conventions and their associated 
meanings in graphs. 
Both part (b) of the question, in which the participants were asked to depict the 
data as an advertisement, and part (c), in which they were asked to predict passenger 
numbers in 2011 and beyond, focused on critical analysis and inference; both posed 
challenges to the participants. The aim of part (b) was to draw the participants’ 
attention to the use of text to portray a particular view. Molly and Olivia displayed an 
understanding that a title can be misleading; for instance, Olivia suggested that the 
title “Great improvements in passenger numbers in 2010!” could be used to highlight 
the company’s successes. Wen suggested that 3D bars could be used to give the 
illusion of a greater increase in the passenger numbers and six participants suggested 
that starting the y-axis at a non-zero number would add to the deception. Seven 
participants suggested incorrectly that a line graph could be used to emphasise the 
increased passenger numbers (e.g., Molly). Showing difficulties with code-breaking 
practices, Molly omitted intervals and labelling on the x-axis, and placed numbers    
0-50000-60000-70000-80000 as equally spaced intervals on the y-axis, the axis 
labelled number of passengers. Moreover, she depicted the graph as a line passing 
through the origin. Five participants gave realistic predictions of about 100 000 for 
passenger numbers at the end of the following year (e.g., Douglas). However, others 
experienced more difficulty with the prediction. Following illogical reasoning Molly 
predicted a figure of 45 000, Sunita predicted that numbers would double, Hayden 
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stated that they would be similar, and others made no prediction or simply predicted 
that numbers would increase. Cynthia predicted a figure of 80 000 not realising that 
this would approximate the increase for one quarter not one year. The participants 
made little attempt to justify their answers, an important element of appropriate 
answers (Freebody, 1992), also stressed as crucial in SC learning (Hyslop-Margison 
& Strobel, 2008). 
In an individual session, when doing the same question, Hettie, as did other 
participants (e.g., Douglas, Sunita), started the y-axis at 50 000 a short distance up 
the axis, not numbering the bottom corner. Erring as did others (e.g., Douglas), she 
stated that a line graph could be used. These are examples of incorrect use of 
mathematical codes and conventions. Her understanding of why the data should be 
represented on a histogram to depict data in an interval, not on a line graph, was 
scaffolded by the researcher. The researcher then asked how the airline company 
could emphasise their increased passenger numbers in an advertisement, a question 
that Hettie was unable to answer. By way of scaffolding her understanding, the 
researcher asked: 
Researcher: What would it look like if you started from zero on the y-axis? 
[The researcher depicted this, compared to a graph which started from a non-
zero number] 
Hettie: Ah, ok, ... 
Researcher: How else could the company make the increases look more 
dramatic? 
Hettie: You mean the title? ... I’m not very good at advertising ... 
Researcher: Yes, such as … The number of passengers soar ... 
Following Hettie’s difficulty with the question, the researcher suggested the 
possibility of using 3D bars, bars of different colours, or bars that became 
increasingly wider. The researcher then asked Hettie for a prediction of the number 
of passengers in the last quarter of 2011: 
Hettie: Numbers may be double this.  
Researcher: Why? ... 
Hettie: No, maybe 20 more [Hettie meant 20 000] 
Researcher: How much has it gone up in one year here?  
Hettie: 25 000 
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Gradually, as advocated by Vygotsky (1978), Hettie was able to refine her 
understanding, in the process of collaborating with the researcher. This points to the 
link between dialogue and the consolidation of thinking and the importance of 
dialogue in terms of monitoring learners’ progress. 
It is likely that Sunita and Hettie’s initial predictions that the passenger numbers 
would double by the end of 2011 were due to the notion that the number at the end of a 
one-year period would be doubled in a two-year period, not taking into consideration 
that their graphs started from 50 000 on the y-axis. This is an example of the difficulty 
of making meaning and critically analysing a graph in which mathematical codes are 
incorrectly used. With prompting, Hettie suggested that passenger numbers may go up 
another 25 000 to 100 000 by the end of the following year. Evident in work samples 
and audios, Hettie and a number of other participants (e.g., Molly) showed an 
understanding that the trend in 2010 may not continue because of limited planes, 
departure times, and global influences. For instance, when the researcher asked Hettie 
how accurate the prediction was likely to be, she suggested that this was unclear 
because the company may go broke, competition may change, and passenger numbers 
may vary over the years for other reasons. These are examples of critical analysis that 
relies on prior knowledge of context. The researcher suggested that the number of 
aeroplanes may be limited and that basing a prediction on data from a single year may 
be invalid.  
In general, as previously discussed (Section 5.2.3), the participants experienced 
difficulties with the deeper mathematical understandings of the graphs and data, 
although they were often able to critically analyse them with respect to the context. 
They experienced challenges depicting the data with a given bias, which relied on 
conceptual understandings, often inadvertently choosing the incorrect graph-type or 
being unfamiliar with the effects of starting the y-axis at a non-zero number. As 
discussed and exemplified by Watson (2015), misleading representations are likely to 
result if the y-axis starts at a non-zero number in instances in which it is important to 
understand a variation of data as a percentage of the total. The decision of whether to 
start the y-axis at a non-zero number depends on both conceptual mathematical 
understanding and consideration of the context (Watson, 2015). Deep understanding 
of the factors that lead to deception in graphs takes time to develop, dependent on 
exposure to varied learning experiences and contexts (Watson, 2015), and reliant on 
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deep knowledge of mathematical ideas and of the diversity of graph-types including 
those plotted by new technologies (Watson & Fitzallen, 2010). Such understanding 
was facilitated through interactive verbal discourse after the participants had 
individually completed the questions.  
Participants’ ability to interpret and generate graphs 
Arguably more difficult than interpreting graphs, which posed challenges to the 
participants (Section 5.2.1), generating graphs presented many challenges. As an 
example, the code breaking and meaning making practices associated with the use of 
scales, posed many challenges. They included inappropriate choices of minimums, 
maximums, and increments, and difficulties with decimal understanding and 
decisions about labelling boundaries or the centres of bars. Such difficulties have 
previously been described for school children (e.g., Diezmann & Lowrie, 2006). Not 
only were these difficulties diverse but they depended on knowledge that is not 
essential in interpreting, a different set of literacy practices aligned with the four 
dimensions of the FRM, many reliant on conceptual understanding. Reinforcing 
Baker et al. (2001), other evidence also suggested participants’ greater difficulties 
with generating compared to interpreting graphs. Evident in his work samples, 
Douglas, who capably interpreted the four graphs in Section 5.2.1, experienced great 
difficulty generating the graphs in Session 3, and Pamela stated in her Session 3 
reflection that “… drawing graphs → something I struggle with more than 
analysing”. Olivia and Hettie had great difficulty generating representations in the 
activity called A Fair Game? (Appendix J, Extra activities) but once the data had 
been represented they capably answered all related questions about the data. 
However, as with interpreting, the process of generating graphs can be scaffolded 
with reference to the FRM, as described in the abovementioned example. 
5.2.5 Review of critical analysis in the statistical activities 
Mathematical activities that incorporate critical analysis are important because 
learners encounter everyday text with mathematical content that is not neutral, in 
newspaper reports, political circulars, and advertisements (NIE, 2009; O’Halloran, 
2005). As did a teacher in the study by Stack et al. (2010), Morgan commented that 
printed information is not necessarily authoritative. Examples in the study included the 
data and graphs in Figures 5.7 and 5.8, which resonated some mathematicians’ 
perceptions that visuals portray an incomplete and sometimes prejudiced picture of 
 Chapter 5: Results, Discussion, and Analysis – Statistics 193 
situations (O’Halloran, 2005). Displaying an understanding of the importance of critical-
analysis practices, a number of the participants’ reflections noted the importance of 
learners being critically minded in order to better understand the distracting and biased 
elements of text (e.g., Table 5.3, Olivia, Verna, Wen, Cynthia). 
Although further evidence was needed, the participants’ work samples, 
researcher observations, and participant reflections suggested that the participants’ 
knowledge of factors that cause bias in graphs improved during the learning sessions. 
A number of participants noted in their reflections (Table 5.3) that either they had 
never looked critically at graphs (e.g., Betty) or had forgotten the factors that 
contribute to bias in graphs that may have been visually manipulated (e.g., Michelle). 
With scaffolding from others in the SC setting, they extended their ability to critically 
analyse text (e.g., Olivia, Verna, Marie) such as written text, tables, and graphs, 
referring increasingly to factors linked to the collection of the data (e.g., Sally) and 
factors such as those discussed by Whitin and Whitin (2008), although they still made 
few justified comments about misleading factors relating to representing data. 
Although by the end of the sessions in both 2012 and 2013 many participants referred 
to issues relating to the numbering on the y-axis, it became apparent that they did not 
fully understand the results of starting the y-axis at a non-zero number. 
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Table 5.3 
Participants’ Comments about Critical Analysis of Text 
Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
Olivia referred to 
“distracting tricks” in 
advertising and the 
importance of critically 
analysing “the 
meaning and accuracy 
of data”. (Olivia, final 
reflection) 
Verna also referred to 
the text such as graphs 
which may be 
“designed to persuade 
the reader” particularly 
text in advertisements 
for instance thus the 
importance of being 
“critically minded” 
when interpreting text. 
(Verna, final 
reflection) 
“I never really looked 
critically at graphs, this 
will make me read 
headings & data clearly 
so I am teaching my 
students the same thing 
in their learning”. (Betty, 
Session 3 reflection) 
Douglas included critical 
literacy in his 
mathematics teaching 
and stated that the 
children loved it. 
(Douglas, final 
reflection) 
Critical thinking, Silvia 
noted, would take 
students to higher-order 
thinking and would add 
interest and generate 
discussion. (Silvia, 
Session 3 reflection) 
Sally found the critical 
analysis of graphs “very 
interesting, as when you 
critically analyse a graph, a 
deeper understanding of the 
information is presented”. 
(Sally, Session 3 reflection)   
Wen commented on the value 
of understanding more than 
just the superficial messages 
in the graph, but also 
understanding the possible 
“hidden agenda … and 
whether it [the information] is 
reliable or not”. (Wen, Session 
3 reflection)   
Morgan found the discussion 
of how data can be visually 
manipulated interesting and 
useful stating that “just 
because it’s a graph doesn’t 
mean it’s fact”. (Morgan, 
Session 3 reflection)   
Cynthia commented 
on the importance 
of promoting such 
critical thinking in 
terms of promoting 
“an awareness of 
how data may be 
skewed or biased to 
promote a particular 
agenda”. (Cynthia, 
Session 3 
reflection)   
 
Inclusion of critical analysis in a SC setting in mathematics instruction has the 
potential to increase engagement, dialogue, and understanding of text. The 
enhancement of learning through the use of critical analysis was described by the 
teachers in Stack et al. (2010) and P. White et al. (2009). Identified in the 
researcher’s field notes in this study, collaborative activities such as the examination 
of the media tables and graphs (e.g., Figures 5.7, 5.8), which included a focus on 
critical analysis, stimulated dialogue and deep thinking about mathematical ideas. 
These ideas resonated in some participants’ reflections from Session 3, in which they 
noted that a focus on critical analysis can promote interest and discussion (Table 5.3, 
Silvia), with an inclusion of higher order thinking and understanding (e.g., Table 5.3, 
Silvia, Sally), assertions that would need further verification. In response to an email 
requesting the final reflection (Appendix L), Douglas’ answers suggested that the 
techniques used in the study could be useful in school levels, dependent on learners’ 
ages. As did some teachers in the study by Stack et al., Douglas described the 
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engagement in learning that occurred when he initiated discussion in a Year 7 class, 
including critical analysis of the media graphs (Figure 5.8) and other similar graphs:  
Douglas: I have a much heightened awareness of literacy in maths, and it’s 
modified my practice already. I was working with the Year 7s, so one lesson 
included groupwork [sic] with your Courier Mail travel and waiting time bar 
graphs (and others I provided). What do the graphs tell us? And don’t tell 
us? What are they trying to spin? They loved the critical literacy stuff – and 
the practical application of their knowledge in a real-world setting (and the 
feeling that they knew more about maths than the newspaper editors!) 
(Appendix L, Answers to final reflection, Question 5).   
Without more detail it is unclear how much focus was put on the development of 
mathematical ideas, which together with engagement are key elements of learning.  
Noted by Stack et al. (2010), critical analysis depends on deep understanding 
of mathematics and may take time to develop amongst teachers who may not be in 
the habit of thinking critically. As evident in examples in this study, the participants 
were able to critically analyse text with respect to the context, but initially made 
limited observations about the more complex mathematical elements of the text. This 
is in accordance with results from the Brazilian preservice teachers in Monteiro and 
Ainley’s (2007) study who previously had little practice with the technical analysis 
of graphs, thus used opinions based on context to analyse given graphs. In many 
cases such as in the Hail Mary...Fall from Grace activity (Section 5.2.3), the 
researcher needed to remind the participants of the importance of a questioning 
attitude (Watson & Fitzallen, 2010) with the purpose of searching for deep underlying 
mathematical meaning and associated bias. Gradually, as noted by Monteiro and 
Ainley (2007), the participants moved towards more competently using a 
combination of knowledge of graphing, data collection, and analysis, in addition to 
knowledge of context and personal experience to fully interpret graphs. Such skills 
are important for teachers who need to scaffold learners understanding of the 
accuracy of messages portrayed in graphs presented in context, and of claims made 
about such graphs (see Watson, 2015). 
5.2.6 Teaching and learning of statistics with a focus on literacy 
A balanced approach to literacy learning is advocated by the FRM, a broad 
spectrum of literacy competencies required by literate individuals. Because text with 
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mathematical content is often used for particular purposes and is not value free, it is 
important for teachers to empower students to use and critically analyse text, in 
addition to breaking the codes and making meaning of the text. Illustrated in the 
examples, cautious choice and wording of activities can provide learners with 
exposure to a broad spectrum of literacy practices in statistical text, aiding learners to 
expand the degree to which they can participate “fluently, effectively and critically, 
in various text” (Freebody & Luke, 2003, p. 53). As suggested by Helen in her final 
reflections, the FRM would help her to “break down and understand/identify 
questions and analyse them more critically” and would help her to focus on the four 
dimensions of the model, including critical analysis in her teaching. 
In line with SC ideas, a collaborative environment is a fitting setting for 
activities such as those described, presenting opportunities for speaking and 
listening, and encouraging learners to collaboratively construct understanding of the 
deeper meanings of texts. Reflecting Vygotsky’s (1978) ideas of intrapersonal and 
interpersonal activities, the think-pair-share sequence offers a useful sequence of 
steps for scaffolding activities, which are first completed individually, then in 
groups, and finally by the class. The process is guided by the facilitator who 
stimulates and guides the learning by encouraging learners to participate in dialogue 
about the key ideas and context for instance, confirming or disconfirming, asking for 
justifications, summarising ideas, and encouraging the learners to view the text 
critically (Freebody, 1992) thereby aiding the construction of shared meaning with 
reference to a broad range of practices from the FRM. As a means of scaffolding 
instruction based on SC ideas, scaffolding steps such as those described by Meaney 
et al. (2009) provide guidance for activities such as the media graph activity (Section 
5.2.3; Figure 5.8). 
The two media graphs make possible discussion of a broad range of literacy 
practices from the FRM, presenting suggestions of text that can be jointly discussed, 
and providing some understanding of challenges posed by such text. Questions can 
be designed within the structure of the FRM that focus on the categories used by 
Monteiro and Ainley (2007) to scaffold construction of deep understanding of the 
text (see Figure 2.1). The categories of questions include a focus on reading the data, 
reading between the data, and reading beyond the data, such a strategy coded P for 
pedagogy in the thematic analysis. For instance, questions on reading beyond the 
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data that focus on critical analysis are possible (e.g., Section 5.2.3). Questions can be 
enhanced by justification of answers, an opportunity missed in the third question on 
the road accident graph in Monteiro and Ainley (2007).  
Although varied visual representations such as graphs can provide a prop for 
understanding, the examples in Chapter 5 indicated that they also invariably 
contribute to challenges in the communication of mathematical ideas. Mathematics 
learners require the ability to interpret and generate diverse tables and graphs (e.g., 
Carter et al., 2012). In terms of interpreting representations, examples in the study 
pointed to the importance of code-breaking and related meaning-making practices, 
signifying the need for careful reading of all elements of a representation, including 
the title, labels, background (grid, numbers, legends or keys, colouring, pictures), and 
specifiers (visual dimensions e.g., lines or bars; Watson & Fitzallen, 2010). 
Integration of all information from various parts of the text, together with prior 
knowledge of key words and context, are needed for making meaning of the text 
(e.g., Section 5.2.2). Evident in an audio and in her reflection Hettie noted the need 
to draw children’s attention to all aspects of a graph in order to aid meaning making, 
unlike her habit of jumping in too fast and not reading all information carefully. 
Interpretation of everyday text can include elements of text using and critical 
analysis from the FRM, as illustrated in the examples.  
Generating graphical representations is crucial in fields such as science, 
business, and medicine, foundational learning of which happens in school levels. 
Because representations aid readers to build understanding of the meaning of data, 
caution is required in order to portray all information inherent in a data-set and avoid 
bias. An early step in generating graphs is choosing an appropriate representation for 
a data-set. As discussed in an example in Mackinlay (1999) and evident in examples 
(e.g., Section 5.2.4), choice of an appropriate graph-type is important. Although 
sometimes several graph-types can be used to depict data, choice of inappropriate 
graphs can alter the meaning of the data. Carefully chosen examples (e.g., Section 
5.2.4) present a useful way of scaffolding understanding of the need for caution with 
the choice of graph-type, thereby aiding learning of literacy in mathematics. A 
collaborative card activity in which sets of data are matched with different 
representations can be a useful introduction to appropriate choice of graph-types 
(Section 5.2.4). Thereafter whilst representing the data, the need to depict all 
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information and only given information is important (Mackinlay, 1999). Important 
too is knowledge of factors that cause bias, such as understanding that starting a y-
axis at a non-zero point can result in deceptive graphs (O’Halloran, 2005).  
Competence with critical analysis is an essential element of a balanced 
approach to generating and interpreting text as portrayed in the FRM. Stressed by 
Freebody (1992), it is not sufficient for readers to master abilities to break the codes 
and comprehend and use text, successful reading calling for analysis of the contents 
of the text. Opportunities for critical analysis are important in mathematics, as in 
other subject areas (ACARA, 2015b), especially with the relatively recent growth of 
statistics (Watson, 2015), which includes a critical element (Watson & Fitzallen, 
2010, Watson, 2015). Evident in the study examples (Section 5.2.3), and supported 
by Monteiro and Ainley (2007), critical analysis is a way of developing higher order 
thinking skills and extending understanding of text by, for instance, encouraging 
learners to read beyond the data. Students are empowered by developing 
competencies that allow them to view text with mathematical content critically, 
thereby allowing them to make calculated decisions, justify arguments, and create or 
use data in graphs and tables to justify their ideas (Stoessiger, 2002), elements of 
mathematics stressed in the Australian Curriculum Mathematics (ACARA, 2015b). 
In order to maximise learners’ understanding of mathematical text, it is necessary to 
focus attention on misleading and biased elements of text, which are at times linked 
to the purpose of the text (e.g., advertising). Evident in the study examples and in 
accordance with Monteiro and Ainley (2007), knowledge of context, mathematical 
understandings, and personal views and feelings all contribute to critical-analysis 
competencies. Notably, activities that focus on critical analysis can include critically 
analysing given text, and representing data to depict a particular bias (e.g., Figure 
5.10). Further, as evident in the study, deep understanding is stimulated in a SC 
environment, in which collaboration means that learners are exposed to multiple 
views and ideas.  
Developing critical-analysis competencies may depend on numerous factors. A 
sound understanding of mathematics including factors that cause bias in text with 
mathematical content is required, knowledge that needs to be developed in the 
classroom (see Chapter 8). Critical-analysis competencies may also depend on 
changing teachers’ mindsets, especially for teachers influenced by school 
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experiences in which mathematics was viewed as an objective subject with a focus 
on rote and drill activities (Zevenbergen, 2005).  
Everyday text 
Use of a balance of resources, including everyday text, offers advantages in 
teaching and learning. Students require exposure to real contexts that reflect 
authentic social practices (Lemke, 2003), to place them in a better position to 
effectively use text that they encounter in learning, assessment, and everyday life. 
This view is similar to that in the Australian Curriculum Mathematics, which 
emphasises the importance of students developing competencies to use text in and 
out of school (e.g., ACARA, 2015c). Motivating everyday examples “can help 
students become media detectives themselves, looking for cases of poor practice or 
reporting” (Watson, 2000a, p. 5). In mathematics classrooms, the use of cautiously 
selected everyday texts with current and relevant contexts paves the way for an 
introduction of reading and writing in meaningful learning experiences (Bossé & 
Faulconer, 2008). These views were echoed by educators such as Watson (2011) and 
Wall and Benson (2009) who stated the benefits of tasks that are meaningful to 
learners, tasks that aid construction of links between mathematics, other subjects, and 
everyday contexts.  
Evident in this and previous studies, use of everyday text added benefits to the 
learning (see Monteiro & Ainley, 2003a, 2004, 2007; Stack et al., 2010). Discussion 
of everyday text in these studies presented opportunities to motivate and engage 
students in dialogue that led to in-depth construction of the meaning of the text. 
Suggesting the benefits of activities such as the discussion of the Hail Mary...Fall 
from Grace report and the media graphs (Section 5.2.3), all participants in this study 
expressed positive views about the activity in which the media graphs were 
discussed. As observed by the researcher in this study and evident in the audios, 
discussion of such everyday text added interest and stimulated active and engaged 
co-construction of meaning in accordance with SC learning theories. The dialogues 
focused on a broad range of literacy practices including text-user and critical-analysis 
practices, as well as on mathematical ideas.   
Examples of everyday text that can be used in the classroom include 
commercial, advertising, and political material. Due to their construction for 
purposes of power or profit (Robertson & Hughes, 2011), such texts often contain 
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misleading elements, thus presenting opportunities for deep analysis. For instance, 
the newspaper items used in this study were suitable examples for drawing attention 
to authors’ personal agendas, and exaggerated opinions designed to engage readers. 
Such everyday resources have the potential to stimulate discussion and debate, 
enhance understanding of mathematical ideas, and better prepare learners for a world 
in which they will encounter misleading texts (P. White et al., 2009; Zammit & 
Downes, 2002). With guidance from the FRM to aid interpretation processes, texts 
such as those examined in Section 5.2, are examples of resources that can be used to 
build statistical literacy. They present opportunities for learners to engage with 
varied social and cultural contexts, and thereby develop statistical competencies in 
school that have application in everyday situations (Monteiro & Ainley, 2010). 
Prior knowledge 
According to SC ideas, prior knowledge is acknowledged as an important 
foundation for learning (Bruner, 2006a; Twomey Fosnot & Perry, 2005) and is 
stressed as crucial in meaning making in the FRM (Freebody & Luke, 2003). In 
addition to encouraging learners to integrate information from all parts of the text 
including the visuals, a role of the teacher is to encourage learners to refer to their 
personal knowledge and experience (Freebody, 1992), and to scaffold necessary 
prior knowledge. Prior knowledge both of mathematics and of contexts plays an 
important role in mathematics instruction. As discussed by Avgerinou and Petterson 
(2011), this study developed some understanding of the challenges that context can 
pose to learners (Sections 5.2.2, 5.2.3). This implies that careful selection of 
resources is crucial as they may influence learners’ abilities to make meaning of the 
text (Martiniello, 2008; Monteiro & Ainley, 2003a). Reinforcing prior knowledge 
may be necessary to ensure deep understanding of text, analysis of which depends on 
the readers’ knowledge of the mathematical parts of the representation and the real-
world contexts, as well as the readers’ beliefs (Monteiro & Ainley, 2004, 2007).  
Prior knowledge of context can be advantageous or disadvantageous to learners 
(Avgerinou & Petterson, 2011; Martiniello, 2008). In the study prior knowledge of 
context played a large role in interpreting items such as the Hail Mary...Fall from 
Grace report and the media graphs (Figures 5.7, 5.8). At times, knowledge of context 
was advantageous. Individual participants with a knowledge of Australia’s previous 
results in the Olympic Games or of the Catholic religion aided others’ understanding 
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of the title of the Hail Mary report. Evident in an audio and work sample, Olivia, 
who had a background in physiotherapy, was able to enhance understanding of the 
emergency waiting times graph (Figure 5.8), scaffolding her peers’ interpretation. In 
the question on airline passenger numbers (Figure 5.10), participants with knowledge 
of international travel added valuable comments about the reliability of predictions of 
increased flight numbers. In such instances, individuals aided the group to construct 
a deeper understanding of the texts.  
In other cases, ineffective use or absence of contextual knowledge 
disadvantaged readers. Prior knowledge of the context did not ensure that 
participants answered the second question in Figure 5.6 correctly, with six of the 
participants answering the question incorrectly. Possible reasons were ineffective use 
of prior knowledge or ineffective integration of information from all elements of the 
question. Participants’ lack of knowledge of the symbols G, S, and B restricted their 
ability to make meaning of the Hail Mary text (Section 5.2.3). In a probability 
activity (Appendix J, Session 2), participants’ prior knowledge of people who were 
colour blind or people who did not have access to the internet wrongly led them to 
believe that the rates of colour blindness and lack of internet access were high (see 
photo, Appendix P, Sample a). These examples reinforced previous studies, which 
identified the challenges posed by context in the understanding of mathematical text 
(e.g., Abedi & Lord, 2001; Martiniello, 2008). Together the studies pointed to the 
importance of cautious choice of contexts for use in mathematics instruction, with 
cognisance taken of the difficulties that they may cause. Notably, if meaning is 
collaboratively constructed, individuals can aid others to overcome their challenges 
with contexts, as was evident in multiple instances in the current study. 
5.2.7 Overview of interpreting, matching, and generating graphs in statistics 
The discussion and examples in this chapter have built an understanding of 
challenges in mathematics relating to the literacy demands of statistical 
representations. These included challenges with the diverse range of codes and 
conventions in different graph-types, challenges with integrating information from 
various parts of text, and challenges with making meaning of key words and 
concepts, including words relating to the contexts of the questions. Initially, texts 
typical of those used in mathematics classrooms were analysed, providing some 
insight into the participants’ challenges with the codes and related meanings of the 
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texts. This was followed by activities that investigated other text including everyday 
text that allowed for a broader analysis and understanding of literacy practices from 
the FRM, including text-using and critical-analysis practices. As discussed, deep 
understanding of such text is built through shared discursive practices that occur 
within the classroom cultures. Such learning experiences have the potential to 
increase engagement and dialogue, and understanding of text in mathematics 
classrooms and in everyday life; however such resources require careful selection. 
Notably, deep understanding of factors that cause bias in such text may take time to 
develop, being reliant on an understanding of mathematical ideas.  
The FRM provided a framework for teaching, including choice and delivery of 
the statistics activities, so as to encompass a broad spectrum of literacy practices in 
mathematics, important in a balanced approach to literacy learning. Absence of use 
of the model can result in underutilisation of code breaking and critical analysis, for 
instance (Freebody & Luke, 2003). The optimum ratio of the four dimensions of the 
FRM was unclear, but all four were explicitly used, as advocated by Freebody 
(1992). And following Rasinski and Padak’s (2004) advice, use was made of 
everyday resources, with the inclusion of all communication modes.  
The FRM heuristic provided direction for exploring and extending 
understanding of the given texts, by outlining the literacy practices needed for deep 
understanding of the representations. Use of the heuristic drew the participants’ 
attention to the fact that meaning in a text comes from the numbers, graphs, and 
symbols, the context of the text, and all elements in combination; it also focused their 
attention on the purposes and possible biases in the text. The use of the heuristic 
appeared to aid the participants to interpret (and generate) the mathematical and 
everyday text, enhancing the meaning gleaned. An indication of the success of the 
activities was the depth to which the participants collaboratively constructed 
meaning of the statistical texts, based on the heuristic (e.g., Section 5.2.3). In 2012 
Olivia suggested that if such factors were discussed with other learners it would aid 
their understanding of text. The FRM also helped the researcher to understand the 
reasons for the participants’ difficulties with the representations, presenting a way for 
the difficulties to be categorised and analysed according to literacy practices in the 
model. For instance, in Section 5.2.1 (and Appendix N), an understanding was 
constructed of the essential role of codes and conventions when interpreting (and 
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generating) mathematical representations. Use of the model led to a broad 
understanding of the factors that contribute to bias and deception in text with 
mathematical content, including factors that relate to context and others that rely on 
understanding of the mathematical elements of the text. Although needing further 
investigation, there were suggestions that some participants were hesitant about the 
inclusion of critical analysis in mathematics.  
In combination with a focus on the key literacy practices outlined in the FRM, 
SC learning theories guided the teaching and learning. The activities took place in a 
collaborative environment in which the researcher and peers provided scaffolding to 
help the participants explore and build meaning. In a process aligned to SC ideas 
described by Creswell (2009), readers, in this case the study participants, construct 
meaning “as they engage with the world they are interpreting” (p. 8). In this study the 
preservice teachers constructed deep understanding of the statistical text (e.g., 
Section 5.2.3), extending to inferences and critical analysis, the highest levels of 
interpretation (and generation) of text (Watson & Fitzallen, 2010, Watson, 2015). As 
evident in the study examples, communication in the collaborative environment 
enabled the researcher to monitor the learners’ progress (e.g., Section 5.2.4). During 
dialogue the learners were exposed to multiple perspectives, hence were able to 
construct broad understanding of the meaning of text (e.g., Section 5.2.3). Also 
linked to SC ideas, the participants’ reflections aided them to identify their 
weaknesses, a first step to addressing the issues. Further, the reflections provided 
useful information for the researcher, such as details of the participants’ challenges 
and of preferred activities and conditions. 
In the next chapter the study results pertaining to the strand of measurement 
and geometry are discussed. 
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Chapter 6: Results, Discussion, and Analysis – 
Measurement and Geometry 
The theoretical framework in the study was based on the four resources model 
(FRM) and social constructivist (SC) learning theories. It was used to direct the focus 
in the planning stages and delivery phases of the teaching and learning, and provide 
detail about appropriate pedagogical strategies. The theoretical framework also 
provided a guide to the researcher in terms of analysing participants’ challenges with 
literacy in mathematics. The discussion and analysis in this chapter applies the 
theoretical framework to data related to measurement and geometry. As in the 
statistics chapter, the focus in the chapter moves from code breaking and meaning 
making, towards text using and critical analysis of the contents of electronic text. 
Some time was spent in the first learning session primarily focusing on 
terminology from measurement and geometry, in particular on potentially confusing 
word groups and modified word meanings. This is the basis of the upcoming 
discussion and analysis, followed by a discussion and analysis of activities focusing 
on shape, transformations, and solving of mathematical word problems.  
6.1 CONFUSING WORD GROUPS IN MEASUREMENT AND 
GEOMETRY  
Educators have described learners’ difficulties with word pairs or groups such 
as radius and diameter (e.g., Gough, 2001; Ryan & McCrae, 2005), examples found 
in all strands of mathematics (Rubenstein, 2007). In the first learning session the 
participants were asked to describe fully the meanings of some such words from 
measurement and geometry (Figure 6.1). Their descriptions led to some 
understanding of their difficulties with the words. Following SC ideas, this was 
followed by scaffolding activities and discussions among peers to enhance their 
comprehension. The purpose was to expand their ability to use the words effectively 
through internalisation of deeper understanding of the concepts into their existing 
knowledge frameworks.  
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6c. Without looking up the words below, describe fully the meaning of the words and the difference 
between the pairs/groups of words (purple pen). State if you are not sure of the meanings of the words. 
Discuss and look up the meanings of the words in the mathematics dictionaries (Anderson et al., 2008; 
Eather, 2011) and modify your original descriptions in blue (individual then group work). 
 Radius/diameter/circumference 
 Perimeter/area/volume 
Figure 6.1. Questions on confusing word groups from Learning Session 1.  
6.1.1 Interpretation of the participants’ responses 
The introductory activity gave a first glimpse of the preservice teachers’ 
challenges with meaning making, including difficulties with technical mathematical 
language which at times corresponded to challenges with conceptual understanding. 
Evident in Table 6.1, Silvia’s descriptions of radius/diameter/circumference, 
including her statement that radius is “the distance of a segment”, provided a good 
contrast with Cynthia’s more comprehensive descriptions which showed a higher 
level of meaning making (except for her description of area). 
Table 6.1 
Silvia’s and Cynthia’s Descriptions of Radius, Diameter, and Circumference in Learning Session 1  
Participant Radius Diameter Circumference Area 
Silvia, 
Group B 
Distance of a 
segment 
She depicted a 
diameter on a 
diagram of a 
circle but did not 
clearly show that 
it passed through 
the centre 
All the way 
around a circle 
Area = 2d usually 
length multiplied 
by height  
A = l × h (It later 
became clear that 
2d meant two 
dimensional) 
Cynthia, 
Group D 
Distance between 
centre of a circle 
and any point on 
its circumference 
Diametre [sic] 
distance of a 
straight line from 
one side of a 
circle to another 
that passes 
through the centre 
(2 × r) 
The length of the 
outside of a circle 
Space within the 
diametre [sic] of a 
shape 
 
Challenges with the technical language or with the concepts was evident in some 
descriptions. Hettie (Group A) stated that radius is the “measurement around the 
circle” and Molly (Group C) stated that “the circumference is the same as the meaning 
of radius”. Cynthia (Group D) wrote that area is the “space within the diametre [sic] of 
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a shape” suggesting confusion between the technical words diameter and perimeter or 
difficulties with the underlying concepts. As pertains to the analysis of data in 
qualitative case study, much of the analysis relied on a search for patterns (Stake, 
1995), which sometimes appeared unexpectedly from the data, making triangulation of 
data possible. The word area was casually used by participants in different groups 
suggesting that they had immature understanding of the difference between the 
mathematical word area, which applies to 2D shapes, and volume, which is used for 
3D shapes. For instance:  
Taylor (Group A): Volume is “occupied area of a solid”. 
Marie (Group B): Volume is “how much is held within area”. 
Helen (Group C): Volume is “the same as area only in different units”. 
Helen (Group C): Area is “the total space calculated that fills a 3D shape”. 
Casey (Group D): Volume is “the space that fills the area of a three-
dimensional shape” 
In an example of the close link between the meaning of words and conceptual 
understanding referred to by Vygotsky (1978), Helen’s two statements in particular 
suggested challenges with conceptual understanding. The examples exposed the 
preservice teachers’ difficulties when using the abovementioned technical 
mathematical terminology, difficulties similar to those described by Rubenstein (2007) 
for middle school learners. They are also similar to the challenges experienced by 
primary preservice teachers with the words perimeter/area, area/volume, and 
diagonal/hypotenuse/perpendicular in a study by Ryan and McCrae (2005, p. 644). In 
other activities concepts average, mean, median, and mode were poorly described in 
this study and the study by Stack et al. (2010) of middle school students. 
At times the participants’ descriptions gave limited detail about the meanings 
of the concepts. Instead they referred to formulas for calculating an attribute such as 
volume, rather than describing the attribute. Douglas and Sunita stated respectively 
that volume is the “3D displacement of 3D object l × w × h” and area is “equal to    
L × W”. Such descriptions occurred in seven of the participants’ work and showed 
limited understanding that different formulas apply to different shapes. It is likely 
that such statements are an unfortunate result of class work that focuses largely on 
calculations with little acknowledgement of the key role of conceptual 
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understanding. The statements suggest that varied learning activities are needed in 
terms of aiding learners’ to construct understanding of the concepts including an 
understanding that different formulas are appropriate for the calculation of the areas 
and volumes of different shapes. 
Some of the participants’ descriptions omitted key information or used 
bridging language. Examples included Marie’s (Group B) statement that diameter is 
“distance from one edge to other”, which omitted mention of the circle and the centre 
of the circle, and Betty’s (Group B) statement that described radius as “the centre to 
outer [sic] of circle”. Marie’s (Group B) descriptions of perimeter and area referred 
only to a rectangle. Bridging language such as the words side, edge, outside, and 
middle of circles was frequently used in different groups instead of the technical 
words circumference and centre (e.g., Verna, Douglas, Kim, descriptions of radius), 
and Verna referred to squared terms instead of square units. Once again these 
examples suggest the need for varied learning activities to aid the preservice teachers 
to master the discourse used by the international mathematics community, to enable 
them to construct more comprehensive descriptions of concepts in their teaching. 
Diagrams, examples, and symbolic representations could have been used to 
enhance meaning making of the concepts, mathematical concepts at times difficult to 
describe comprehensively in words. The use of varied representations, which is 
dependent on code-breaking and meaning-making practices, is important in terms of 
teachers communicating about mathematical ideas. However more than half of the 
participants made limited use of diagrams and examples in their initial descriptions. 
In Groups C and D, four out of seven and all participants respectively included no 
diagrams in their answers. Few participants attempted to illustrate area or volume 
and, linked to inefficient use of codes, the centre of the circle was often not identified 
on diagrams depicting radius or diameter (e.g., Silvia, Marie, Betty in Group B).  In 
some cases a single (often incomplete) example was given to describe a concept 
rather than a full explanation (e.g., difference between factors and multiples of 12: 
factors 2, 6 and multiples 12, 24, 36, Hettie, Group A, Session 2). Hettie’s answer 
included only two factors and overlooked the infinite nature of multiples. Yet again, 
the construction of comprehensive descriptions relied on conceptual understanding. 
Importantly, when specific examples are given, they should be stated as such and, 
part of code breaking, use of correct abbreviations such as 2D, not 2d, for two 
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dimensional is important as an aid to meaning making. To extend their understanding 
of the technical language and concepts, and of codes and conventions used in 
mathematics, the participants were encouraged to enhance their descriptions with 
well-labelled diagrams and examples. 
6.1.2 Teaching and learning of confusing word groups  
The examples discussed above point to a need for instructional strategies to 
address the imperfect constructions and enhance preservice teachers’ ability to 
effectively use and construct explanations of technical mathematical terminology. 
Evident in this study and in Renne’s (2004) study of school children, eloquent use of 
technical mathematical language relies on conceptual understanding in addition to a 
range of literacy practices.  
The participants’ descriptions suggest that varied learning activities are needed 
to aid learners to construct broader understanding of the concepts, for instance 
understanding that the same formula is not applicable for the calculation of the areas 
(or volumes) of all shapes. In this study, the preservice teachers’ challenges with the 
following words were evident: radius/diameter/circumference, 
perimeter/area/volume, 2D/3D shapes, factors/multiples, and mass/weight. Through 
the use of verbal and written discourse, concrete materials, mathematical handbooks, 
and dictionaries (e.g., Anderson et al., 2008; Eather, 2011), and emphasis on the use 
of diagrams, examples, and symbolic representations, they modified their original 
descriptions in a different coloured pen. They noted increasingly that areas and 
volumes refer to 2D and 3D shapes respectively and that a diameter is a line that 
touches both sides of the circle and passes through the centre. Molly modified her 
initial description of volume as “the capacity of something to hold another thing. Eg. 
[sic] a jug filled with water” to “space occupied by a 3D object measured in cubic 
units”. The process was in line with SC ideas in which learning occurs when the 
learner builds on prior knowledge, through active and collaborative engagement 
(Twomey Fosnot & Perry, 2005), demonstrated whilst the participants were 
negotiating and modifying their descriptions of the concepts. Activities that aid 
learners to broaden their understanding of the given concepts in different contexts have 
the potential to aid the learners to articulate increasingly comprehensive descriptions of 
the concepts, language use and cognition being closely linked (Vygotsky, 1978). 
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However, as discussed in Renne (2004) and evident in this study, students’ progress 
varies, some learners seemingly making more progress than others. 
Through exposure to multiple opportunities to explore the concepts and to 
clarify their understanding, the learners gradually constructed deeper understanding 
of the concepts and the language used to describe them. For instance, after writing 
individual descriptions, Olivia and Hettie noted a subtle difference in the descriptions 
of the word perimeter: 
Olivia: What did you have for perimeter? 
Hettie: ... I had measurement around a shape. 
Olivia scaffolded Hettie’s understanding by showing her how to look up perimeter in 
the online dictionary Eather (2011). 
Hettie: Ok, it’s actually distance ... 
Olivia: Just a couple of words make a difference. 
Another participant Verna stated that radius is “a line from the centre to the outside 
line”. The dictionary drew her and other participants’ attention to the two slightly 
different meanings of perimeter, diameter, and radius, referring to either a line or the 
length of a line. The distinction was evident too in other participants’ descriptions of 
the concepts. The collaborative activities also drew attention to use of technical 
mathematical language such as the word circumference to replace Verna’s reference 
to the outside line. 
To enhance meaning making, teachers require the ability to succinctly 
articulate descriptions of mathematical concepts in addition to scaffolding conceptual 
understanding. An activity such as that described can be used as a platform to 
introduce prospective teachers to the importance of using multiple representations of 
mathematical ideas such as verbal descriptions, carefully labelled diagrams, and 
models, to scaffold their literacy associated with the topics and potentially scaffold 
understanding of concepts. This relies on code-breaking and meaning-making 
practices and on conceptual understanding, for instance on an understanding that the 
words area and volume are used to describe attributes of 2D and 3D shapes 
respectively. Resonating ideas in Vygotsky (1936/trans. 1997), teachers need to be in 
a position to subtly scaffold students’ immature conceptual understanding of 
attributes, such that for instance students do not describe the attributes in terms of 
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formulas used to calculate them. Also reflecting ideas from Vygotsky (1936/trans. 
1997), this process requires multiple scaffolding activities, to extend understanding 
of explanations and definitions. The aim is to gradually facilitate use of increasingly 
sophisticated mathematical language, based on profound understanding of the 
reproducibility of mathematical ideas (Sierpinska, 1998).  
Whether concepts such as perimeter and area are taught simultaneously or 
separately is debatable and may depend on the achievement level of the learner. 
However, at least some comparison makes it possible to highlight the differences 
(Gough, 2001) and address possible confusion. The distinction between the concepts 
could be reinforced through activities involving actual measurement and estimation 
of both attributes, ensuring that concepts are understood before formulas are 
introduced. Sometimes reference to prefixes or word roots can aid understanding 
(e.g., Anderson et al., 2008; Rubenstein, 2007). The meanings of prefixes circum- 
and peri- could have been used to scaffold Hettie’s and Molly’s understanding of the 
words circumference and perimeter. Repeated use of confusing word groups is 
necessary, with reference to possible confusion and use of realistic contexts such as 
those discussed by Gough (2001). Aligned to SC ideas, learners’ discussion with 
peers about their descriptions and diagrammatic representations of such words, 
together with use of concrete materials and mathematical dictionaries, can scaffold 
their understanding, making it possible for them to improve on their immature 
descriptions with little input from the educator.  
Finally, a question in Session 3 led to verbal discourse about the difference 
between mass and weight. When asked to plot a graph showing masses of children, a 
number of participants in 2012 and 2013 queried the meaning of mass, being more 
familiar with the term weight often used in everyday language. Weight is a force 
measured in newtons, whereas mass is measured in kilograms, a difference discussed 
by De Mestre (2004). The point here is that there will always be elements of 
language that are simplified for children at lower levels to enable meaning making 
within their ZPDs, by for instance using bridging language such as language used in 
society. In the case of mass and weight, teachers of young children may at times use 
bridging language, technical language of mathematics introduced gradually as 
conceptual understanding expands.      
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As did confusing word pairs, modified words also posed difficulties to the 
participants as discussed in the next section. 
6.2 MODIFIED WORDS IN GEOMETRY  
Also referred to by other names, the term modified words refers to terms such 
as isosceles trapezium, in which the meaning of trapezium is altered by the modifier 
isosceles (e.g., Martiniello, 2008; Schleppegrell, 2007). Rubenstein (2007) used the 
phrase “broad category” for the word trapezium and “specific case” for isosceles 
trapezium (p. 206), and suggested that such terms add complexity to mathematical 
text. With a focus on meaning making, some time was spent on activities in 2012 and 
2013 that required the participants to illustrate or comprehensively describe modified 
words such as acute-angled triangle, right-angled triangle, and isosceles trapezium 
(Figure 6.2).  
6d. Modified word meanings. Describe the following as fully as possible on paper (purple pen, 
individual work). Modify your first effort with scaffolding from others and from mathematical 
dictionaries (blue pen, group work). 
 Right-angled triangle 
 Isosceles trapezium 
[In another activity, the participants did a four-square model diagram for the term regular polygon.] 
Figure 6.2. Examples of questions on modified word meanings from Learning Session 1.  
In 2012, individual diagrams completed by the participants of an acute-angled 
triangle were of variable standard. Taylor and Olivia drew what appeared to be right-
angled triangles. Showing incomplete meaning making, Verna simply drew an acute 
angle, and Hettie omitted the question, seemingly unable to make meaning of the 
term. The drawings were followed by a class discussion of the meaning of the term 
initiated by the researcher, who suggested that the participants start by describing a 
triangle. Hettie suggested “three straight sides” and Taylor “three straight sides, three 
angles”. The researcher explained that it was unnecessary to refer to both three sides 
and three angles, as a minimum number of features is used to describe a concept 
(Shield, 2004). Pointing to a diagram of an open three-sided shape the researcher 
then asked “Is this a triangle?” However, showing a lack of prior knowledge of other 
terminology, which affected their meaning making, the participants’ verbal discourse 
turned to the word used for the corner of a triangle:   
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Olivia: Three points ... three corners ... What do they call them? ... 
Verna: Intersections, no? [Not listening carefully, the researcher did not 
answer the question] 
Researcher: What’s the difference between this one and that one? ... [Once 
again pointing to diagram of open three-sided shape] 
Taylor: Not joined ... 
Verna: Closed ... 
Researcher: What else is it? 
Olivia: Single dimension.  
Researcher: It’s two dimensional … So it’s a two-dimensional, three-sided, 
closed shape ... 
Olivia: You do have to say that it’s got three straight sides though?  
Researcher: Three straight sides is also important ... The word straight is 
important there. 
Researcher: [Pointing to an acute-angled triangle]. Is this acute-angled? ... 
What is an acute angle? 
Taylor: … Less than 90° [one participant answered hesitantly] 
The excerpt drew attention to numerous issues. The first is the SC notion of the 
importance of prior knowledge as a foundation for the construction of knowledge 
(Bruner, 2006a), in this case knowledge of the key words. Second, the excerpt 
exemplified the importance of teachers listening carefully so as to identify “teachable 
moments” as opportunities to scaffold language and concept development. In the 
excerpt the participants were identified as struggling with describing an acute-angled 
triangle, showing immature meaning-making competencies, through not correctly and 
confidently using the terms vertices, 2D, and acute. Evidence of Olivia’s use of the 
word corner was also seen in her description of a right-angled triangle (see Table 6.2). 
Such informal mathematical language, referred to as bridging language by Herbel-
Eisenmann (2002), is sometimes used in lower levels. However, teachers need to be in 
a position to scaffold students’ learning of technical mathematical language by using 
precise mathematical language and encouraging the students to follow suit 
(Schleppegrell, 2007). In this case the participants needed to be encouraged to replace 
the words corner/s with vertex/vertices, a movement towards use of increasingly 
technical mathematical language, as discussed in Dunston and Tyminski (2013). Good 
examples of a teacher facilitating such a process are described by Zazkis et al. (2009). 
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 The word acute is an example of the many lexical mathematical words that are 
used differently outside the mathematics classroom (e.g., Schleppegrell, 2007; 
Zevenbergen, 2001), other examples discussed in Section 6.4.2. As discussed by 
Kotsopoulos (2007), because of their multiple meanings such words pose difficulties in 
mathematics learning. Both the terms acute and 2D are linked to conceptual 
understanding, meaning that the concepts themselves may need to be recapped 
(Dunston & Tyminski, 2013). Olivia’s use of the term single dimension for an acute-
angled triangle is further discussed (see Section 6.2.2). During the activity the 
participants gradually and actively co-constructed meaning through dialogue, with 
scaffolding from peers and from the researcher, in a process based on SC ideas similar 
to those described by Bruner (2006b). For instance, in her second comment in the 
above excerpt Olivia contributed to deeper communal understanding of the term acute-
angled triangle. As in Renne’s (2004) study, the dialogue in the SC setting exposed the 
participants’ difficulties, which may have gone unnoticed and unchallenged in a 
traditional classroom, with the potential of leading to further difficulties with language 
and conceptual understanding. 
Thereafter, the participants individually described concepts such as right-angled 
triangle and isosceles trapezium. Difficulties with such modified words were evident at 
various stages in the learning sessions. As for the confusing word groups, through 
scaffolding and comparison with peers and through classroom discussions, the 
participants modified and improved on their descriptions, the activities suggesting the 
importance of verbal and written discourse in the construction of mathematical ideas.  
6.2.1 Interpreting modified words   
A selection of the participants’ challenges with the modified words, is 
presented, showing many imperfect constructions (Table 6.2). Such statements were 
evident in the 2012 and 2013 sessions, in the participants’ work samples of the given 
activity, in audio recordings, and in their four-square model diagrams of regular 
polygon from the final activity on tessellations in Session 1. In line with advice by 
Stake (1995) that data from a case study can be presented in any way so as to 
contribute to “reader’s understanding of the case” (p. 122). A table format was chosen 
such that the data from the different participant groups could be compared.  
Unravelling the meaning of the modified words depended on code breaking 
and meaning making, a process that included interpretation of the given words 
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followed by generation of appropriate descriptions. This posed difficulties for 
various reasons, including challenges with code-breaking practices and lack of prior 
knowledge, which affected meaning making according to the FRM. 
Table 6.2 
Examples of Participants’ Understandings of Modified Words in Learning Session 1   
Words Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
Right-
angled 
triangle 
- A right 
angled triangle 
is equal to 90°. 
When shown it 
will have two 
straight lines 
joining but one 
exactly 
perpendicular 
to the other. 
(Verna) 
- It is a one 
dimensional 
three straight 
sided shape 
with one corner 
90° (Olivia) 
- One angle has a right 
angle (90°) (Betty) 
- Each [changed to one] 
angle of triangle is 90° 
(Marie) 
- Three sided shape 
where one of the angles 
is one-quarter of a circle 
(Douglas) 
- Right angle is 90° 
angle 
triangle 3 sided shape  
3 angles [listed ideas in 
a confused statement] 
(Silvia) 
- Two out of seven 
participants gave a 
reasonable description of 
a right-angled triangle 
(Helen, Molly) 
- Right angle triangle has 
no equal sides, but always 
has a right angle (Sunita) 
- Type of shape called a 
triangle which has three 
different angles to join 
three lines. One the type 
[sic] of angle is a right 
angle which is 90 degrees 
(Helen) 
- A triangle (three sides) 
with at least one right 
angle of 90º (Sally) 
- One participant simply 
drew a right-angled 
triangle (Wen) 
- Three sides, one 
90° angle, 2 acute 
angles [no 
diagram] (Toni) 
- Where two 
perpendicular 
lines meet to make 
an angle of 90° 
(right angle). A 
triangle with a 
right angle. 
(Casey) 
- A triangle with 
one right angle 
(90°) and two 
acute angles 
(Kim) 
Isosceles 
trapezium 
- Participants 
unable to draw 
isosceles 
trapezium 
(Taylor, Hettie) 
- Olivia drew a 
triangle and 
stated that all 
angles were 
equal (Olivia) 
- Another drew 
what looked 
like an 
isosceles 
trapezium but 
used no 
symbols or 
descriptions 
(Verna) 
- 2 sides the same, 2 
equal angles [Drew an 
isosceles triangle] 
(Betty) 
- Trapezium 4 sided 
shape. with angle less 
than 90°. gives you 
isosceles [sic]. 
square/rectangle etc 
[sic] are trapezium 
[seemed to be confusing 
trapezium with 
quadrilateral] (Silvia) 
- At least one angle is 
90° 
trapezium – parrallel 
[sic] sides [drew a 
parallelogram with one 
right-angle symbol] 
(Marie) 
Some participants 
omitted the question 
(e.g., Douglas) 
- Three out of seven 
participants drew and 
described an isosceles 
triangle 
- (2 sides with same 
length) in a triangle (Wen) 
- Shape called trapezium 
[no illustration] (Helen) 
- Isosceles has two sides 
that are equal to each 
other [no illustration] 
(Sunita) 
- Two sides of the 
trapezium are the same 
length [good illustration 
with no geometric 
symbols] (Pamela) 
- One acceptable answer 
(Sally) 
- 2 sides equal length 
acute angle [she drew an 
isosceles triangle] 
(Hayden) 
- A shape where 
there are two sets 
of parallel lines, 
and two sets of 
perpendicular 
lines. There are 
two sets of equal 
angles, where two 
angles are acute 
and two are obtuse 
(Casey) 
- Three out of five 
participants left 
the question out 
(Kim, Michelle, 
Toni); only one 
drew a diagram, 
without geometric 
symbols (Cynthia) 
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Words Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
Regular 
hexagon 
(2012)/ 
regular 
polygon 
(2013) 
Regular 
hexagon:  
- 2D closed 
shape with six 
straight sides 
which are equal 
length (Taylor) 
- A regular 
hexagon has 
seven sides, 
and is a shape 
(Verna) 
- A regular 
hexagon is a 
one 
dimensional 
shape with 6 
straight sides 
(Olivia) 
- A regular polygon is a 
2D shape of three or 
more sides, where all 
the sides are of the same 
length (and therefore 
same angles) (Douglas) 
- Three or more sided 
shape 
All sides & all angles 
must be equal (Betty) 
- 4 sided enclosed 
planar shape 
4 sides equal (Silvia) 
- Many sides 
All angles equal 
Closed, Planar, Equal 
(Marie) 
Regular same sides 
Polygon many angles 
(Helen) 
- Polygon means many 
angle [sic] (Wen) 
- A 2D shape where all 
sides are of equal length 
and all angles are equal 
(Sally) 
- A plane closed shape 
having three or more 
straight sides which are 
equal (Hayden) 
- A plane or closed shape, 
having 3 or more sides, 
which are of equal length 
(Sunita)  
- A polygon with the sides 
all equal and angles equal 
on opposite sides (Molly) 
- A shape where 
all the sides are 
the same size 
(Casey) 
- All angles are 
the same (Toni) 
- A plane shape 
having three or 
more straight sides 
(Kim)  
- A shape where 
all the sides and 
angles are the 
same (Michelle) 
- Any 2D shape 
where all internal 
angles are equal 
(Cynthia) 
- All sides and all 
angles even 
(Michelle) 
 
The broad category 
In the term right-angled triangle, the last word triangle is the key word, 
representing the broad category. Right-angled is the modifier, modifying the 
meaning of triangle to give a specialised triangle. This is relevant in the teaching of 
such terms. Referring to the FRM, efficient code-breaking practices would involve 
the learner first focusing attention on the broad category, triangle, then considering 
the meaning of the modifiers. However, inhibiting their meaning making, in more 
than one case the participants overlooked the key word that denoted the broad 
category. In Group A, Verna drew an acute angle rather than an acute-angled triangle 
and described a right angle rather than a right-angled triangle (Table 6.2). In group C, 
the following dialogue occurred: 
Researcher: What’s a right-angled triangle? Yeah, Wen?  
Wen: It measures up to 90°. 
With scaffolding the group was led towards more precise descriptions, focusing on 
the broad term triangle followed by reference to the right angle. In another activity in 
Group C, whilst the participants were categorising shapes, in particular triangles, the 
researcher suggested that triangles can be categorised according to sides or angles: 
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Researcher: You can also divide them by the size of the angles. So what’s 
that? 
Molly: Right angle.  
Researcher: Right-angled triangles. What are these? 
Hayden: Acute. 
Similarly the participants referred to obtuse-angled triangles as obtuse. In each case 
the researcher encouraged them to use the complete modified terms.  
In other cases the participants also overlooked the key word. In the case of 
isosceles trapezium five participants drew or described an isosceles triangle rather 
than an isosceles trapezium (e.g., Betty, Wen). It is likely that Sunita was thinking of 
an isosceles triangle when she stated without a diagram that “isosceles has two sides 
that are equal to each other”. Marie and Silvia erred by drawing a parallelogram for 
an isosceles trapezium (e.g., Marie, Appendix M, Sample 4a, parallelogram, later 
corrected) and Olivia drew a triangle and stated that all angles were equal seeming to 
imply an equilateral triangle.  
Modifiers 
Limited understanding of any of the multiple words in modified terms can 
inhibit complete meaning making of the term. The meaning of individual words may 
need scaffolding in order to aid understanding of the modified term. Making meaning 
of modifiers posed challenges to some participants who were unfamiliar with, or had 
forgotten the meaning of words such as regular in regular hexagon. In Group C, the 
researcher pointed to regular hexagons as opposed to hexagons and asked: 
Researcher: What’s the difference between that and those? 
Sally: All the sides on the other ones are equal.   
Researcher: So what would you call those two? 
Helen: Equilateral hexagon? 
In Group A, Verna stated that a regular hexagon “has seven sides, and is a shape” 
and Hettie’s lack of prior knowledge of the individual words meant that she was 
unable to describe the term. In terms of regular polygon, Silvia described a polygon 
as a four-sided shape. During verbal discourse the participants were reminded of the 
meanings of prefixes poly- and hex- and the meaning of the word regular.  
In the case of isosceles trapezium, six out of 22 participants made no effort to 
describe the term (Taylor, Olivia, Douglas, Kim, Michelle, Toni). Evidence in the 
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work samples and audios suggested others’ lacking understanding of both isosceles 
and trapezium. While Hayden in Group C associated the prefix iso- in isosceles with 
two equal sides, Olivia, Silvia, and Marie appeared to equate the word isosceles 
respectively with all equal angles, an acute angle, and a right angle. Silvia’s and 
Marie’s answers suggested that they understood trapezium to be synonymous with 
quadrilateral and parallelogram respectively (Appendix M, Sample 4a Marie, 
parallelogram later corrected).  
In group A, a class discussion focusing on the meaning of isosceles trapezium 
followed the participants’ individual efforts to describe the term. The group of 
participants’ prior knowledge included an understanding that a trapezium is a closed 
2D shape, with four straight sides. However, the following scaffolding conversation 
to aid the participants to construct knowledge of the term revealed gaps in their 
understanding of the word trapezium and more specifically isosceles trapezium: 
Researcher: What’s special about it, if it’s a trapezium? 
Taylor: … [hesitantly] Two parallel lines? [only Taylor seemed to know 
this] 
Researcher: Two opposite sides parallel, yep. [In line with instruction that 
follows SC ideas, the researcher should have drawn this out instead of 
volunteering the information]…. 
Researcher: What does it mean to say this is now an isosceles trapezium? 
[Confusion followed ...] 
Researcher: What do you know about an isosceles triangle? 
Hettie: All the angles are ... different? 
Taylor: No, two angles are the same. 
The researcher confirmed that two angles are the same and verbal discourse followed 
about an isosceles trapezium having two equal sides and two equal angles.  
The example revealed difficulties with meaning making that occur when 
students encounter words such as trapezium and isosceles. In the dialogue, the 
researcher scaffolded the participants’ knowledge of the broad category trapezium, 
for instance helping Taylor to express more precisely the nature of the parallel lines. 
Most of the participants had limited knowledge of the concepts but Taylor, together 
with the researcher, scaffolded their construction of knowledge of the words 
trapezium and isosceles. This was an example of the important role of the 
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interpersonal communication that occurs in instruction based in a social setting, an 
idea described by Vygotsky (1978). Evident too in the example was the facilitating 
role of the researcher, who guided and scaffolded the group’s understanding. 
Gradually through dialogue, including reference to the prefix iso- and use of actual 
shapes, the group co-constructed an understanding of the term isosceles trapezium.  
Data from the work samples (Table 6.2) and audio transcriptions were 
complementary, suggesting reasons for imperfect constructions. Limiting their 
meaning-making competencies, some participants overlooked or were unfamiliar with 
one or both of the words in isosceles trapezium. The conversation reinforced views of 
Siemon et al. (2011) in their statement about modified words in which they stated that 
“each term contains multiple pieces of information and often requires significant 
conceptual understanding on behalf of the student” (p. 85). Highlighted as important 
by the FRM and SC ideas, the participants’ prior knowledge of key words was crucial 
and limited prior knowledge meant that they had variable success describing the term 
isosceles trapezium. Inappropriate use of prior knowledge was evident in cases in 
which participants described an isosceles triangle rather than an isosceles trapezium, 
perhaps based on their only previous experience of the word isosceles.  
Other issues may also play a role in the difficulties posed by modified words, 
For instance, layout has an important role in code breaking according to the FRM. 
Martiniello (2008) argued that layout of modified word phrases is important, 
highlighted by an example in her study in which the readers’ ability to read and make 
meaning of a phrase was affected by having different parts of the modified word 
term on different lines in the text. Martiniello stressed the importance of readers 
understanding the “arrangement of words and phrases in a sentence” (p. 335). 
However, evident in this study, even if the words in a modified term were not 
separated and not presented in a sentence, modified terms may present difficulties to 
learners, including preservice teachers.   
6.2.2 Formulating descriptions of modified words 
Relying largely on meaning making, various gaps in knowledge restricted the 
participants’ ability to articulate comprehensive descriptions of modified terms and 
to answer questions on the concepts.  
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Participants’ challenges with formulating descriptions    
The participants’ word descriptions were evidence of their challenges with the 
task. Although some participants successfully described a right-angled triangle (e.g., 
Kim), others listed properties in a somewhat confused fashion (e.g., Silvia). Answers 
by others (e.g., Silvia, Helen, and Betty) revealed their challenges with articulating 
comprehensive descriptions of the concepts. Helen described an isosceles trapezium 
as a “shape called trapezium” and Betty listed characteristics of an isosceles 
trapezium as “2 sides the same, 2 equal angles”. Other descriptions exposed 
misconceptions. For instance, Sunita stated that a right-angled triangle has “no equal 
sides, but always has a right angle”. Marie described it simply as “each [later 
changed to one] angle of triangle is 90°” (Appendix M, Sample 4a), and Sally 
described it as “a triangle (three sides) with at least one right angle of 90°”, all 
evidence of the need for deep conceptual understanding when formulating 
mathematical statements. As per Vygotskian ideas, conceptual understanding is 
inseparably intertwined with the language that describes the concepts, the concepts in 
the case of a right-angled triangle initially appearing to be fairly simple. Suggested 
by Barton (2008) and Gough (2007), discussion of such concepts and of related 
challenges can enhance both learners’ conceptual understanding and their ability to 
use the corresponding mathematical language fluently. Teachers’ understanding of 
common difficulties has the potential to aid instruction of such concepts, but depends 
on deep conceptual understanding of such modified terms. 
More challenging than describing the term right-angled triangle, the term 
isosceles trapezium exposed participant challenges with both code breaking and 
meaning making, and the associated link to conceptual understanding. Casey, 
possibly thinking of a parallelogram, described an infeasible quadrilateral “a shape 
where there are two sets of parallel lines, and two sets of perpendicular lines. There 
are two sets of equal angles, where two angles are acute and two are obtuse”. An 
example of challenges with meaning making, the description was complicated by 
reference to several abstract concepts, and contradicted itself by suggesting the 
presence of perpendicular lines but implying only acute and obtuse angles. Once 
again the example shows the close link between language use and conceptual 
understanding. In another example showing participants’ challenges with meaning-
making and code-breaking practices, Marie thought that trapezium referred to 
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“parallel sides”, hence initially drew a parallelogram, and seemed to understand 
isosceles to mean “at least one angle is 90°”, so she added a right-angle symbol in an 
angle that was not a right angle (Appendix M, Sample 4a). Verna’s answer also 
contained evidence of challenges with mathematical codes. She included the same 
symbol in all four angles, seemingly suggesting that all the angles were equal, 
although they were clearly not. Only one out of 22 participants, Sally, gave an 
appropriate description for isosceles trapezium.  
Some participants’ answers were limited by their choice of wording. Douglas 
referred to a right angle as “one-quarter of a circle” and Olivia used the word corner 
instead of angle, stating that a right-angled triangle is a “one dimensional three 
straight sided shape with one corner 90°”. In her work samples in this and her 
description of a regular hexagon she referred to the shapes as one dimensional (see 
Table 6.2) and in another instance she described a circle as 1D and a sphere as 2D. 
An example of methodological triangulation (Miles et al., 2014), the same 
misconception was evident in the first audio transcription in Section 6.2, a discussion 
about acute-angled triangles. Suggested by Vygotskian thinking, it is unlikely that 
Olivia would have used the terms 1D and 2D incorrectly if she had a deep conceptual 
understanding of the terms. This points to limited understanding of both the concepts 
and the language. After scaffolding in the form of verbal discourse, Olivia improved 
her descriptions, evident in her answer about a regular hexagon in the following 
transcription, and in her work samples, which were modified with a different 
coloured pen.   
Researcher: What’s a hexagon to start with? ... Hex–, what’s that prefix 
stand for? 
Olivia: Six ... 2D, closed shape with six straight sides. 
Discussion followed about the meaning of the word regular, the researcher stressing 
that it is different to the everyday English meaning of regular. Taylor volunteered her 
understanding of the term: “All sides and all angles are equal?” 
An activity in which the term regular polygon was depicted in a four-square 
model diagram in 2013 revealed the link between precise mathematical language and 
conceptual understanding. Some of the participants’ descriptions echoed the 
difficulties that teachers experienced in Boulet’s (2007) study, whilst co-constructing a 
description of the word polygon. Whereas Sally provided a comprehensive description 
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of regular polygon as “a 2D shape where all sides are of equal length and all angles are 
equal”, the term posed challenges to others. Difficulties related to participants’ lack of 
understanding that regular shapes have equal sides and equal angles. In an example of 
triangulation of data (Miles et al., 2014), Helen, Hayden, Sunita, and Casey all stated 
that a regular polygon had equal sides but overlooked the angles. Although 
unnecessary to state both for triangles and quadrilaterals it is necessary for other 
polygons. Based on immature concept development, Douglas suggested that in a 
regular polygon all sides are equal therefore all angles are equal. In most cases the 
participants drew shapes with apparently equal sides and angles, perhaps not realising 
that shapes can have equal sides but unequal angles. Toni stated that all angles are 
equal in a regular polygon, and included a diagram of a rectangle. Although Hayden 
stated that regular meant equal sides she included a diagram of a rectangle, suggesting 
another valid reason for using multiple representation of ideas to show consistency of 
understanding. Molly stated that a regular polygon has “sides all equal and angles 
equal on opposite sides”, a description that is problematic for a regular pentagon and 
could be used for a rhombus, which is not a regular polygon.  
Other oversights included some participants’ lack of focus on the word regular. 
Wen stated that poly- meant many thus drew an isosceles triangle, isosceles 
trapezium, and rhombus; Silvia described a regular polygon as a four-sided shape; 
and Pamela included associations of nonagon and pentagon. Kim’s description, “a 
plane shape having three or more straight sides”, overlooked the word regular, but 
she did seemingly attempt to draw regular polygons. Michelle stated that a regular 
polygon “has all sides and all angles even”. The description suggests that she had 
some understanding of the concept but did not express it precisely because of her use 
of the word even instead of equal, perhaps indicating she did not have a clear 
understanding of the difference between the two. The above are largely evidence of 
challenges with meaning making, the descriptions depending on prior knowledge and 
inference, prior knowledge also a key ingredient of the construction of knowledge in 
social learning theories (Vygotskiĭ et al., 1997). The surprising variety of 
misconceptions showed the close link between conceptual understanding and the 
ability to describe a concept. In terms of data triangulation, many misconceptions 
were repeated by several participants often in different groups. In accordance with 
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SC guidelines, the meaning of regular polygon was thoroughly discussed and 
illustrated within the groups, with references to the possible misconceptions.  
Limited use of diagrams 
The participants made limited use of diagrams in their descriptions of modified 
words, with included examples often displaying restricted code-breaking 
competencies. Some participants made no use of diagrams (e.g., Toni, Kim, Sally). 
For instance, in Groups C and D, three out of seven and three out of five participants 
respectively made no use of diagrams to depict a right-angled triangle. None of the 
2012 participants and few 2013 participants made effective use of symbols for equal 
sides and angles, parallel sides and right angles, meaning that it was unclear whether 
a shape was a rectangle or a square for instance (e.g., Douglas, Cynthia). This was 
evident in Olivia’s drawing of a triangle with a statement that all angles are equal, 
but no symbols to indicate equal sides and angles. Only three out of 22 participants 
drew reasonably good diagrams of isosceles trapeziums, depicting quadrilaterals with 
what appeared to be two parallel sides and two equal sides (Verna, Pamela, Cynthia). 
However, evidence of inefficient use of mathematical codes, the diagrams omitted 
symbols to indicate parallel and equal sides. Limited or no use of symbols were also 
evident in the diagrams of regular polygons (e.g., Silvia, Wen, and Hayden).  
Some participants’ answers revealed that they had not fully developed code-
breaking competencies relating to the use of geometric symbols. In Session 1 Marie 
used a right-angle symbol inappropriately in a parallelogram (Appendix M, Sample 
4a), and Verna used the same angle signs in all four angles of an isosceles trapezium, 
which made it appear that the clearly unequal angles were equal. In group D three of 
the five participants referred to one 90° angle and two acute angles in a right-angled 
triangle, both Cynthia and Michelle placing the same symbol in each acute angle. 
Although they were possibly thinking of the symbol as representing acute angles, 
their use of the same symbol in each angle incorrectly indicated two equal angles.  
The participants’ limited use of diagrams may have been partly due to the 
wording of the questions in some cases; but, in their four-square model diagrams of 
regular polygons, limited use was made of diagrams, especially multiple diagrams, in 
cases in which this would have better depicted a concept (e.g., Silvia, Betty, Maria). 
Linked to the code breaking and related meaning making of the text, multiple diagrams 
are needed to effectively represent regular polygons, whereas one diagram is sufficient 
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for representing regular hexagons, an inference that depends on conceptual 
understanding. The examples show the importance of precise descriptions to accurately 
depict mathematical ideas for the reader. Geometric symbols and diagrams are an aid 
to meaning making, hence the importance of teachers’ competence in this area of 
mathematics. Aligned to instruction that follows SC ideas, as undertaken in the study a 
thorough group discussion of the misconceptions was utilised in an attempt to scaffold 
knowledge construction of the abovementioned issues.  
Modified answers 
Even collaborative discussion, with the aim of scaffolding understanding of the 
modified terms, did not guarantee that the participants fully comprehended and could 
comprehensively describe and illustrate the concepts. Toni stated in her modified 
answer that isosceles trapezium is “2 non-parrallel [sic] sides the same length and 
base angles that are equal”, not mentioning the parallel sides and not complementing 
her answer with a diagram. After scaffolding of the term regular polygon in the 
tessellation exercise, through construction of a four-square model diagram and verbal 
discourse, some participants were still unable to answer questions on the topic. Some 
participants gave answers to the question “Which regular polygons tessellate?” of 
hexagons and triangles without considering that these shapes may be irregular (e.g., 
Marie, Michelle). Others included a rectangle or a rhombus (e.g., Silvia, Toni), Wen 
used the term regular quadrilateral without equating it to a square, and Pamela 
referred to a regular square (then omitted regular when she realised that it was 
superfluous). Cynthia described a regular polygon as: A “plane shape having three or 
more straight [and equal] sides”.  
As did the studies by Kotsopoulos (2007) and Raiker (2002), this study pointed 
to the importance of teachers taking cognisance of the difficulties that mathematical 
language can pose to learners. The examples showed that deep understanding of the 
term regular polygon depended on prior knowledge and inferences, both necessary 
components of meaning making (Freebody & Luke, 2003). As with the concept of 
half, discussed by Perso (2005), regular polygon is an abstract concept that can be 
represented in different ways, a deep understanding of which depends on a web of 
knowledge. The ability to comprehensively describe such concepts depends on deep 
processing of the concept, a time-consuming process relying on knowledge 
construction aided by appropriate exposure to multiple activities and experiences 
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(Burns, 2007; see Section 2.2.4). The participants’ difficulties suggested that 
construction of understanding of the terms and concepts was incomplete. 
Composing comprehensive descriptions in mathematics 
Including some focus on comprehensive descriptions in mathematics 
instruction presents benefits and difficulties. The activity on modified words 
suggested the value of the process of forming and talking such descriptions, a 
process that highlights the necessary precision of mathematical language and 
encourages building of understanding, as consistent with SC learning. What was 
clear in the study was the number of imperfect constructions that the process 
exposed, providing opportunities for the participants and researcher to scaffold 
others’ knowledge, in addition to providing data for the second research question.  
However, suggesting a move towards a more informal approach to vocabulary 
introduction, composing definitions and descriptions does present difficulties. As 
mentioned by Leung (2005) and noted in Olivia’s comment below, definitions and 
descriptions may include words unfamiliar to learners: 
Researcher: What is a right-angled triangle? ... 
Taylor: It’s a ... um, 2D, closed shape with three straight sides, and one right 
angle  
Researcher: Good ... 
Olivia: Shouldn’t the definition actually rather than say right angle, be more 
specific and say 90° angle ...?  
Olivia’s comment that the meaning of the term right angle may need to be made 
explicit to aid students’ meaning making, is valid. Notably, although verbal discourse 
about mathematical ideas, which occur in SC settings, can scaffold learning, the 
sudden turns in dialogue are difficult to script (Renne, 2004). They are reliant on 
prior knowledge of the group and deep knowledge and adaptability of the facilitator, 
perhaps a limitation of instruction that follows SC ideas. Further complexities of 
formulating definitions and descriptions are discussed by Boulet (2007) and Ewing 
Monroe and Orme (2002), and the incorporation of such activities in mathematics 
teaching and learning is further discussed in Section 6.2.3. 
Overview of modified words 
This study reinforced Rubenstein’s (2007) and Schleppegrell’s (2007) 
suggestions that modified words present challenges to learners, giving a broader 
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understanding of reasons for the challenges posed by such terms. It resonated some 
of the difficulties that the children in Abedi and Lord’s (2001) and Martiniello’s 
(2008) experienced with mathematical problems attributable to factors such as the 
inclusion of modified words. However, in this study the challenges posed by 
modified words applied to preservice teachers. The examples revealed the depth of 
understanding required by teachers to enable them to discuss such modified words 
and to fully understand the challenges that learners face with such terms.  
6.2.3 Teaching and learning focusing on modified word meanings and 
comprehensive descriptions  
The study extended understanding of learner difficulties with modified words, 
previously discussed by many educators (e.g., Martiniello, 2008; Rubenstein, 2007, 
Schleppegrell, 2007). Difficulties were multiple, resulting from participants’ paying 
limited attention to the key idea (broad category), their lack of understanding of one 
or more of the included words, and other sources of difficulties such as gaps in prior 
knowledge or difficulties with deeper processing of the concepts. This points to the 
importance of placing a focus on modified terms in mathematics instruction, 
examples found in all strands of mathematics (Rubenstein, 2007). 
A series of steps is required for developing understanding of modified word 
terms. Evident in the examples is the importance of a primary focus on the broad 
category in the modified word term, which identifies the class of the concept. For 
instance, a right-angled isosceles triangle is foremost a triangle. In examples such as 
lowest common multiple and even consecutive numbers, the last word, which 
represents the class, should have primary focus. To find a lowest common multiple, 
the multiples need to be listed followed by the common multiples followed by the 
lowest common multiple. Arguably in the case of isosceles trapezium, a useful first 
step would be to focus on drawing a number of trapeziums followed by modifying a 
trapezium to turn it into an isosceles trapezium.  
After initial focus on the broad category, confirmation of the meaning of all 
modifiers is needed, followed by discussion of the meaning of the single modified 
term (Rubenstein, 2007). As advocated by Rubenstein (2007) focus is needed on “the 
unmodified term, the modifier, then the full phrase” (p. 206). Evident in the study 
results, even if the learners understood the meaning of right angle and triangle, they 
required broad conceptual understanding of the entire modified term (which 
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represented one new idea), in order to make full meaning and formulate a 
comprehensive description of the term. They required understanding that a right-
angled triangle contains only one right angle and two acute angles, which may or 
may not be equal, leading to the possibility of two equal sides. Development of such 
inferences is part of meaning making, relying on prior knowledge and deep 
conceptual understanding of the modified concept. Aligned with SC guidelines, such 
understanding can be scaffolded by thorough verbal discourse, including discussion 
of imperfect constructions and reference to examples and non-examples. This points 
to the value of the combination of the FRM and SC ideas in the theoretical 
framework, the FRM drawing attention to necessary literacy practices, and the SC 
approach presenting an environment in which knowledge of the complexities of 
literacy in mathematics can be constructed. Thereafter, because of the complexities 
of such words, more activities associated with the terms may be required to further 
enhance understanding. For instance, Molly’s and Douglas’ descriptions of regular 
polygon and Casey’s and Marie’s descriptions of isosceles trapezium (see Table 6.2), 
could be used in a discussion of inherent misunderstandings. Alternatively, learners 
could work in pairs, one reading their description and another illustrating it, in an 
idea similar to that proposed by Rubenstein and Thompson (2001). The above ideas 
are designed to reinforce code-breaking and meaning-making practices, important in 
terms of using and critically analysing text containing modified words. And as 
suggested by studies by Abedi and Lord (2001) and Martiniello (2008), in order to 
aid weak students to successfully answer mathematical problems, it may be pertinent 
to simplify code-breaking and meaning-making requirements of questions by, for 
instance, lowering literacy demands related to the use of modified word terms. 
In the process of working with modified word meanings numerous strategies 
proved useful, and can be used both in the teaching of modified words and more 
broadly in other areas of mathematics. They are discussed below. 
Importance of prefixes 
Although not purposefully built into the learning, prefixes repeatedly played a 
role in the meaning making, reinforcing Rubenstein’s (2007) views about the crucial 
role of prefixes in mathematics. Reference to prefixes and word roots is a way of 
linking new words to prior knowledge, deemed important for meaning making in the 
FRM and an important idea in SC learning (Bruner, 2006a). In this study, prefixes 
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peri- and circ- meaning around, tetra- and quadr- meaning four, equi- and equa- 
meaning equal, iso- meaning equal, and poly- meaning many (Anderson et al., 2008) 
played a role in the examples described. Verna erred when defining a hexagon as a 
seven-sided shape, seemingly not connecting the word with the prefix hexa-. 
Describing an isosceles trapezium posed problems to participants who were 
unfamiliar with the meaning of the word isosceles or the prefix iso- (e.g., Table 6.2).  
Discussion of prefixes has the potential to aid understanding of these and other 
words, such as transformation and translation, which caused confusion in the study. 
For instance, class discussion facilitated by the researcher in the study focused on the 
prefixes that represent one, including mono- from Greek and uni- from Latin 
(Anderson et al., 2008). Examples of their use suggested by the participants and 
looked up in the dictionary included monologue, monorail, monotreme, monopoly, 
monochrome, monotone, unique, unit, unicycle, universe, uniform, unify, union, and 
unite. Thereafter followed discussion of the prefix trans- from Latin, meaning 
through or across (Anderson et al., 2008) and found in words such as transatlantic, 
transit, and transparent in English, and translation, translate, transformation, and 
transform in the learning sessions, and in transversal. 
A comprehensive list of mathematical prefixes, often from Latin or Greek, can 
be found in Anderson et al. (2008, Sections 7.1–7.7), a useful resource for 
mathematics teachers. Similarly, reference to origins and roots of words (e.g., 
O’Gorman, 2001) can aid meaning making in mathematics by encouraging links to 
prior knowledge (Rubenstein, 2007). For instance, the words nominate, misnomer, 
and denominator all have the same word root, meaning to name. 
Construction of comprehensive descriptions in mathematics  
Constructing descriptions and definitions can at times be a complex process 
(Leung, 2005). The definition for regular hexagon relied on a reference to many 
ideas, including a closed planar shape, with six straight sides, and equal sides and 
angles. In Taylor’s words: “Investigating definitions can be useful for understanding 
(conveying) precise mathematical interpretation, however not advisable to use 
extensively as part of teaching practice as it may be unnecessarily distracting/over-
complicating for students.”  
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Regardless of the complexities, some use of comprehensive descriptions offers 
benefits in learning. Relying on code-breaking and meaning-making practices, 
composing descriptions or definitions can be used to facilitate language use, advance 
understanding and reasoning, and expose imperfect constructions. As in Boulet’s 
(2007) study, the process of forming comprehensive descriptions in this study 
stimulated verbal discourse and thinking about mathematical ideas, also possible in 
primary classrooms (see Loewenberg Ball & Bass, 2000). Revealing an advantage of 
writing identified by Vygotsky (1936/trans. 1997), the process of writing descriptions 
fostered deep thinking about concepts and the need for precision when describing 
them. During the process, the participants formulated, organised, and reorganised 
their thoughts and perceptions (Bruner, 1986; Vygotsky, 1936/trans. 1997). This 
study and Renne’s (2004) study revealed the importance of talking and writing about 
concepts in terms of enhancing the use of mathematical language, developing deeper 
understanding, and exposing and addressing misunderstandings. Development of 
comprehensive descriptions in this study revealed that acute-angled triangles have 
three acute angles, whereas right-angled and obtuse-angled triangles have one right 
angle and one obtuse angle respectively. Formulating a description of regular polygons 
exposed the importance of stating that both sides and angles are equal, at least for 
regular polygons with more than four sides. This can be reinforced for regular 
hexagons through a discussion of hexagons, equiangular hexagons, equilateral 
hexagons, and regular hexagons, including examples and non-examples of regular 
hexagons (Rubenstein, 2007).   
Formulating individual descriptions in the study, followed by modifications 
after collaboration with peers and use of dictionaries, followed think-pair-share ideas 
(see Chamberlin, 2009; Lyman, 1992). These were effective steps for encouraging 
active, independent, and student-centred learning, elements of learning advocated by 
Bruner (2006a, 2006b) and Vygotsky (1978). The value of the steps was verified in 
several participants’ reflections (Section 7.2; Table 7.2, e.g., Silvia, Michelle, Kim), 
the reflective process being an element of reinforcement of learning in SC 
environments. The process allowed the participants to rethink and modify their ideas, 
thereby constructing deeper understanding of the concepts. And as suggested by 
Vygotsky (1978) and later endorsed by Bruner (1986, 2006a, 2006b), interactions 
and verbal discourse aided learners in these processes and exposed imperfect 
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constructions, leading to scaffolding of understanding. For instance, with scaffolding 
Olivia corrected her own descriptions, changing the words corner to angle and 1D to 
2D in her description of a right-angled triangle. The corrections were evident to the 
researcher due to the use of the two coloured pens, showing potential development in 
the participants’ ZPDs (Vygotsky, 1978). As suggested by Barton (2008, p. 152), 
through communicating with peers in the sessions the need for precision and 
reproducibility of meaning became apparent to the participants. Evident in the work 
samples, their descriptions gradually improved as they interacted and made use of 
language to describe the concepts. 
Formal and informal approaches are possible when using definitions. A formal 
approach in which objects are defined according to the item, class, and properties can 
be used (e.g., Shield, 2004). For instance, a right-angled triangle (item) is a triangle 
(class) which is a closed, plane shape with three straight sides, in which one angle is 
a right angle (properties). Alternatively, user-friendly descriptions can be 
constructed, avoiding some of the complexities of formal definitions (see Section 
2.2.4; Pierce & Fontaine, 2009). Knowledge construction through the creation of 
descriptions can be complemented by the inclusion of examples, carefully labelled 
diagrams, and further questions, which encourage a deeper understanding by 
encouraging learners to think beyond the meaning of separate words. In this study a 
fuller picture of the participant misconceptions of the terms regular polygon and 
isosceles trapezium was exposed in their diagrams and examples, meaning that the 
misconceptions could be addressed. Knowledge construction through definitions can 
also be enhanced by combining word definitions with other representations through 
construction of graphic organisers (e.g., Dunston & Tyminski, 2013). One example is 
the four-square model diagram (detailed below), a useful means of organising a 
combination of word descriptions, diagrams, symbolic representations, and examples 
(e.g., Appendix M, Sample 5; Figure 6.4). Aligned with SC guidelines, most of these 
methods can be utilised in an active and collaborative environment. 
Descriptions and definitions can be used in both inductive and deductive 
teaching (Brahier, 2009, pp. 60-64). In an example, Brahier (2009) demonstrated 
how students can be asked to establish a definition for some selected shapes out of a 
diverse range of shapes, the selected shapes being polygons. This is an example of 
inductive thinking, which leads to generalisation and a definition after investigation 
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of individual cases. This can be compared with providing a definition of polygon 
upfront and asking learners to use the definition to identify the polygons in a 
collection of shapes, an example of deductive thinking, generalisation leading 
investigation of individual cases. Inductive thinking links to the idea of constructivist 
learning in which the learners are actively involved in the learning process, 
encouraging them to do the thinking. Because they have created the definition or 
generalisation, it is more likely that it will be remembered (Brahier, 2009). However, 
compared to deductive strategies, inductive strategies rely on more creativity from 
the teacher in terms of designing activities. 
To ensure eloquent use of mathematical language in for instance modified 
words, the study pointed to the importance of learners developing deep understanding 
of concepts, understanding that according to Vygotskian ideas can be enhanced 
through verbal discourse. Important in instruction that follows SC ideas, and 
reinforced by emphasis in the Australian Curriculum on fostering understanding 
(ACARA, 2015b), knowledge construction requires a primary focus on conceptual 
understanding rather than on procedural knowledge. Without deep understanding of 
concepts, learners may misuse or forget formulas and procedures; for instance, they 
might locate a median without first ordering the data values, or misinterpret everyday 
text that refers to averages, as discussed by Brahier (2009).  
Comprehensive descriptions and definitions are an example of the brevity and 
density of mathematical language, construction of which presents useful 
opportunities for code breaking and meaning making. Reflecting Vygotskian ideas, 
the development of comprehensive descriptions of concepts involved developing 
familiarity with the associated mathematical discourse in a process of enculturation 
(Vygotsky, 1936/trans. 1997). Further, they offered the potential of scaffolding 
mathematics understanding and laid a foundation for text using and critical analysis. 
Use of dictionaries 
Mathematical dictionaries are valuable tools in the teaching and learning of 
literacy in mathematics if combined with other strategies to ensure deep conceptual 
understanding. In the current study The Origo Handbook (Anderson et al., 2008) 
complemented by dictionaries designed for children (e.g., Eather, 2011) were 
regularly used in a collaborative environment. The Origo Handbook is a 
comprehensive handbook of mathematics, including a dictionary section. Written by 
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mathematics educators not mathematicians, it is suitable for preservice teachers, 
presenting mathematics terminology in accessible ways without the use of 
unnecessarily complex explanations. It includes diagrams, examples, and lists of 
mathematical symbols, abbreviations, formulas, and prefixes. However, words are 
discussed in topic areas, for instance the terms outcome and sample space are 
discussed under probability, meaning that they can be difficult to locate. The online 
Eather dictionary is attractive, colourful, and easy to read and navigate, hence is 
useful for primary schooling. It contains definitions, and aids understanding through 
extensive use of illustrations, colour, examples, and exercises, as does the hard-copy 
dictionary O’Brien and Purcell (2013). The inclusion of diagrams and examples 
builds links between different ideas and representations, thereby addressing a broader 
range of code-breaking and meaning-making practices, and providing more effective 
scaffolding of understanding than formal definitions. The fact that Eather (2011) is 
online makes it readily accessible to those who have access to the internet. It is a 
better option than google searching words on the internet, as happened at times in the 
sessions, an ineffective way of targeting mathematics-specific meanings, which are 
often different from everyday meanings (Pierce & Fontaine, 2009). Important for 
Australian classrooms, Eather (2011), O’Brien and Purcell (2013), and Anderson et 
al. (2008) are Australian, following Australian use of mathematics terminology and 
spelling.  
Evident in the audios and work samples and aligned to SC ideas, several 
dictionaries were collaboratively and actively used by the participants, allowing them 
to construct and clarify understanding. Use of Eather (2011) or O’Brien and Purcell 
(2013) followed by the more comprehensive Origo Handbook (Anderson et al., 
2008) presented a useful combination for vocabulary introduction. Both the 
researcher’s field notes and participants’ reflections pointed to dictionaries being a 
useful resource for enhancing the learning of literacy in mathematics (Figure 6.3).  
However, dictionaries and websites require cautious use to ensure enhanced 
meaning making. Some such resources contain incorrect or imprecise descriptions, or 
incorrect depiction of data on graphs, examples evident in De Klerk (2010). This 
dictionary defined speed as “the rate of time at which something travels” (p. 100), 
used the word union for the intersection of two sets (p. 114), and explained that if the 
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mass of an astronaut on earth is 75 kg his weight on earth is approximately 75 kg (p. 
118). The quality of dictionaries used in mathematics instruction is important. 
Hettie: Referring to Eather dictionary: “I like it”, adding that it is simple for young children, Australian, 
and free. (Audio) 
Pamela: Scaffolding helped as I find that making my mistakes and then seeing the correct answer to 
really improve on my answer. Visuals a great help. (Reflection) 
Hayden: Fantastic tool, draws out deeper understanding of concepts. (Reflection) 
Kim: A great interactive way for students to take control of their own learning. (Reflection) 
Casey: Will use the Jenny Eather Dictionary – very useful and easy to navigate. (Reflection) 
Note. Other participants noted that the Eather (2011) dictionary and other websites that show attractive 
and moving visuals present a powerful means of teaching children vocabulary. 
Figure 6.3. Examples of participants’ statements from the first learning session on the use of 
dictionaries and websites to scaffold their learning in a collaborative setting. 
Vocabulary introduction through dialogue and four-square model diagrams 
The four-square model strategy was a useful tool for vocabulary introduction 
for preservice teachers in the sessions (see Dunston & Tyminski, 2013). This pointed 
to the versatility of these graphic organisers, which have previously been 
recommended for middle school mathematics. In Sessions 1 and 2 the participants 
used the four-square model successfully to depict concepts such as multiple, 
percentage, hypotenuse, perpendicular, kite, regular polygon, and square-based 
pyramid. Before answering the questions on tessellations in Session 1, the meaning 
of the word tessellation was scaffolded with the use of the four-square model. An A4 
page was divided into four sections including the word or term, an example or 
diagram, an informal definition, and an association (e.g., Wen, Appendix M, Sample 
5a). Wen was initially unfamiliar with the word tessellation but through scaffolding 
from others was able to complete the activity in a darker coloured pen. The expanded 
knowledge was facilitated by collaboration with peers and use of concrete materials 
and a dictionary. 
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Figure 6.4. Taylor’s four-square model diagram depicting the word hypotenuse. 
In another example, the word hypotenuse was depicted by Taylor, who 
demonstrated a good understanding of the term, illustrating it on differently 
orientated triangles and extending it to multiple associations including linking it with 
the Theorem of Pythagoras (Figure 6.4). Aligned to the FRM, Taylor’s work 
displayed both code-breaking and meaning-making practices and demonstrated a 
broad understanding of the word, and the ability to articulate the concept in multiple 
ways. Evident in the sample, use of various diagrams to illustrate a concept is 
important for extending understanding, learners at times being unfamiliar with 
different representations of a concept. 
A combination of dialogue and a four-square model diagram can be used to 
scaffold understanding, as evident in the conversations about the concept prime 
number in individual learning sessions with Hettie and Olivia in 2012:  
Hettie: I can’t think what a prime number is. Um, 1, 3, 5, 7, 9 ...? Odd 
numbers? 
Researcher: Is nine a prime? 
Hettie: No, it can be divided by three.  
Researcher: Yep, so what’s a prime?  
Hettie: Numbers that can only be divided by themselves.  
Researcher: And one. Can be divided by one and themselves. So write down 
examples of primes.  
Hettie: 1, 2, 3, 5, 7, ... [written] 
Researcher: What do you see with the even numbers, how many are there?  
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Hettie: Only one, is there only one? Is there only one altogether?  
Researcher: Yes every other even number is divided [sic] by two as well as 
one and themselves. [The word divisible should have been used.] Is nine a 
prime?  
Hettie: No  
Researcher: Eleven? … OK, put dot, dot, dot [an indication that the list is 
infinite]. 
Hettie was then asked to give an informal definition for prime numbers: 
Hettie: Numbers that can be divided by one and themselves [written].  
The conversation with Hettie is what Ferguson and McDonough (2010) referred to as 
a scaffolding conversation, Hettie gradually constructing an expanded understanding 
of prime number through the dialogic process. This enabled her to verbally describe 
the concept and write it in symbolic form. The dialogue is consistent with the idea 
that language is important in the process of constructing understanding (Vygotsky, 
1936/trans. 1997, p. 218), dialogue aiding learners to formulate ideas, which are then 
internalised to form internal thinking. However, the researcher missed opportunities 
to aid Hettie to expand her understanding and overlooked her inclusion of one in her 
list of primes. As advocated in Renne (2004), decisions need to be taken about what 
difficulties to address and when. Hettie’s includion of 1 as a prime number would 
later be addressed when she referred to a mathematics dictionary.  
In a similar conversation, Olivia stated that a prime is “a number that can be 
divided by itself or one” and gave examples: “1, 3, 5, 7, 9 um …, 11 …”. Notably, 
the number two was omitted, one was included, and Olivia was unsure whether nine 
was prime or not. Moreover the word or was used in her definition rather than and, 
an example of the need for precision in mathematical language where minor words 
like or change the meaning of a statement, an issue described by Zevenbergen (2001) 
and Zevenbergen et al. (2004). Further questions would need to be asked to ascertain 
whether, in accordance with Vygotskian ideas, Olivia’s difficulties in describing the 
concept corresponded to imperfect understanding of the concept. 
Hettie’s, Olivia’s, and others’ knowledge of the meaning of prime was 
subsequently enhanced through the use of dictionaries and/or the input of peers and 
use of a four-square model diagram. They thereby noted the differences between 
their definitions and examples, and the dictionary or peers’ definitions and examples. 
 236 Literacy in mathematics in preservice education 
For instance, O’Brien and Purcell stated that a prime is “a number that is divisible 
only by itself and 1 (not to be confused with odd numbers). ... For example, 2, 3, 5, 7, 
11...” (1998, p. 70). Thereby, use of discussion, dictionaries, and the four-square 
model stimulated construction of understanding of the term prime number, clarifying 
that prime numbers exclude one and nine but include two. Discussion followed about 
the definition of prime, which should perhaps state that a prime number has exactly 
two factors, one and itself. A good way to represent primes is to start with a mixture 
of prime and composite numbers and list all the factors for each. This reveals the 
prime numbers, which have exactly two factors, and shows that one, which has one 
factor, and nine, which has three factors, are not prime. Alternatively, the researcher 
suggested that a prime number cannot be represented by a rectangle of dots, only by 
a straight line, and suggested that the participants illustrate this for the number seven. 
Showing understanding, Olivia commented: “Oh, like an array. I get you”. This is an 
example of the power of a representation to enhance understanding of mathematical 
concepts. 
At times participants experienced difficulties with the association category 
when using the four-square model. For kites and square-based pyramids, associations 
may be tessellating patterns of kites and Egyptian pyramids respectively. 
Associations for prime number include reference to meanings of the word prime in 
everyday English, such as its meaning fundamental and how it corresponds to the 
meaning of the term prime number. Aligned with SC ideas, which highlight the 
importance of prior knowledge, and resonating statements in Dunston and Tyminski 
(2013), the association category is a link to other knowledge and ideas, sometimes 
mathematical. An understanding of the term prime number may extend to an 
understanding of rectangular numbers, square numbers, or the infinite nature of 
primes, including infinite twin primes. Use of the four-square model, including the 
association category, can thereby aid learners’ to construct understanding of 
terminology guiding them towards construction of clear descriptions and extended 
understanding of multiple applications. 
Relating to use of the four-square model, a number of points deserve 
consideration. The four-square model is perhaps particularly useful in terms of 
enhancing understanding of potentially confusing words and terms in mathematics, 
such as words used exclusively or differently in mathematics classrooms compared 
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to their everyday use (e.g., hypotenuse, mean). When using the diagrams, various 
categories and representations are possible, knowledge of which is important for 
teachers. Importantly, the four-square model builds understanding in a visual way 
(Dunston & Tyminski, 2013) and forms links between different semiotic systems 
such as words, symbolism, and visual images (see O’Halloran, 2005), thereby 
expanding literacy competencies in mathematics. Formulation of comprehensive 
descriptions and construction of the four-square diagrams can be designed to 
incorporate all five communication modes, including viewing, if learners are 
encouraged to peruse online resources such as Eather (2011) to construct or modify 
the diagrams. The four-square model can be used in glossaries and on word walls in 
various subjects.  
Noted in this study, the four-square method has the potential to enhance 
learning but relies on prior knowledge. As mentioned by Gay and White (2002), the 
diagrams in this study exposed gaps in understanding. Use of peer scaffolding and 
dictionaries complemented use of the method, allowing the participants to modify 
their answers and encouraging learning with little input from the researcher. The 
value of the four-square model for assisting language learning was evident in the 
given examples and in the researcher’s field notes and the participants’ reflections, 
all the participants giving the four-square model activities one of the top two ratings 
on a five-point scale. Together with other graphic organisers described by Dunston 
and Tyminski (2013) and Ewing Monroe and Orme (2002; Appendix B), four-square 
model diagrams “are effective ways to help students assimilate the unique concepts 
and terms that they will encounter in mathematics” (Dunston & Tyminski, 2013, p. 
44). However, relying on prior knowledge, which according to SC ideas is a 
foundation to learning and a basis for meaning making in the FRM (Freebody & 
Luke, 2003), means that students with limited prior knowledge of a concept may be 
unable to use the method without scaffolding. 
6.3 SEQUENCE OF SHAPE ACTIVITIES 
In Session 1 a collaborative and active learning sequence was followed to 
encourage the participants to co-construct knowledge of literacy practices associated 
with shape (Figure 6.5). The series of shape activities followed Bruner’s three stages 
of representation (Bruner, 2006a), including enactive, iconic, and symbolic stages in 
which concrete, visual, and symbolic (written) representations were used. The 
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activities comprised categorising actual shapes (enactive stage), depicting shape on a 
concept map (iconic stage), using online resources to answer questions on 
tessellations (symbolic stage), and shape games. While constructing meaning, 
emphasis was placed on group participation, verbal discourse, hands-on activities, 
and linking concepts and building on prior knowledge with scaffolding from others. 
These are important aspects of instruction according to SC ideas (Bruner, 2006a; 
Vygotskiĭ et al., 1997), the ability to build on prior knowledge and link concepts also 
seen as important elements of teachers’ pedagogical content knowledge (Chick et al., 
2006; Mishra & Koehler, 2006).   
6e. Collaboratively categorise the given 2D and 3D shapes (group work). 
f. Categorise 2D and 3D shapes by drawing a concept map (Barton et al., 2002; Shield, 2004). Use 
purple and then blue pen – individual then group work (Vanides et al., 2005). Time will not allow us 
to write a few paragraphs on the contents of your concept map in this case.  
g. Answer the questions below (individually) – purple pen. Then in groups, with help of the given 
websites, manipulatives, and the scaffolding prompts, modify your answers in blue (Anticipation 
guide, Barton el al., 2002). Use the scaffolding prompts: represent, compare, explain, justify, agree 
(Brown & Renshaw, 2006). 
 Name 5 polygons which tessellate. 
 Which regular polygons tessellate? 
 Explain why some regular shapes tessellate and others do not. 
 Describe some semi-regular tessellations. 
 Where are tessellations used? 
[This activity was preceded by scaffolding of the important words such as tessellation] 
Figure 6.5. Examples of questions used in the shape activities in the first learning session.  
6.3.1 Categorising shapes 
Initially the participants categorised 2D and 3D shapes. In the hands-on activity 
they noted that the 2D shapes included triangles, quadrilaterals, and other shapes. 
Influenced by earlier activities in Session 1, they made some use of precise and 
formal mathematical language, for instance describing triangles as closed, three-
sided, 2D shapes. They separated triangles according to the length of the sides; some 
of the participants were familiar with the words equilateral, isosceles, and scalene. 
The researcher added that another way of separating triangles would be according to 
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angles (acute, obtuse, and right-angled triangles). Taylor tried to identify triangles 
with right angles by rotating the shapes, finding identification difficult at times.  
Together the group constructed an understanding of 3D shapes. Referring to 
the base of the prisms, which she called quadrilaterals, Taylor suggested, “We’ve got 
3D shapes, generally they’re 3D versions of quadrilaterals.... You’ve got cubes and 
rectangular prisms ... different types of prisms ... hexagonal prisms”. Other ideas that 
assisted categorisation of 3D shapes included a suggestion that the 3D shapes should 
be organised according to the number of sides on the base of the prisms. Suggesting 
that pyramids could be placed with the prisms, Olivia stated, “Pyramids can be 
multisided as well”. Taylor scaffolded her understanding, stating: “I would say more 
that pyramids are separate and this Toblerone box is closer to prisms than to 
pyramids”. The participants’ challenges were discussed. They included challenges 
with the difference between cube and cuboid, prism and pyramid, and the technical 
word planar, often referred to as flat by the participants. Crucial to meaning making, 
the meaning of such key words was reinforced by the researcher who expounded the 
difference between prisms and pyramids and went on to scaffold categorisation of 
triangular prisms, rectangular prisms (including cubes), and hexagonal prisms, with 
reference to concrete materials. Discussion followed about categories for spheres and 
cylinders. Olivia questioned the researcher’s use of the word cuboid, suggesting that 
she thought it was a rectangular prism. This was followed by clarification of their 
meanings. Dialogue turned to a misconception that a prism on a base that is a 
rhombus is called a rectangular prism. The researcher pointed out the difference 
between this and other rectangular prisms. Although not standard vocabulary, 
Taylor’s suggestions of naming shapes circular prisms (for cylinders) or 
parallelogram prisms showed her understanding of the patterns found in the naming 
of prisms, patterns worth noting as aids to meaning making.  
As suggested by Vygotsky (1978), the collaborative interactions and dialogue 
not only exposed learners to the language of shape, but aided thinking and 
formulating or reshaping of ideas about shape, language use being the precursor to 
learning.  
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6.3.2 Depicting shape on a concept map 
The categorisation of shape activity was followed by a task in which the 
participants depicted shape on a concept map (Figure 6.5, 6f; e.g., Shield, 2004). The 
language of shape was revised as they constructed and talked about the concept 
maps, the participants expressing varying ideas about the categorisation process. 
Hettie suggested categorisation by the number of sides and Taylor suggested using 
the same categories as in the previous activity. Olivia from Group A in 2012, who 
initially incorrectly used the terms 1D and 2D (for 2D and 3D), at this stage correctly 
suggested that the shapes on the concept map should be organised according to 2D 
and 3D shapes, evidence that, as suggested by Vygotsky (1978), external interactions 
had aided her to reshape her ideas. The researcher advised the participants to start 
with two categories (2D and 3D shapes), then move on to sorting 2D shapes by the 
number of sides and adding additional categories for circles, ellipses, and other 
shapes.  
In general the 2D shapes were well represented, generally divided into 
triangles, quadrilaterals, “round shapes” including ellipses, and other shapes such 
as stars. The term round shapes is an example of the bridging language that the 
participants used at times. Taylor shared a song to distinguish triangles and pointed 
out that a triangle with three equal sides was called equilateral not scalene, indicated 
by the prefix equi-. Douglas only included an equalateral [sic] triangle and in the 
quadrilateral category a square, rectangle and irregular rectangle, seemingly 
unfamiliar with other terminology used for quadrilaterals (later verified in his final 
reflection). Other participants had varying success depicting quadrilaterals, usually 
omitting the kite and arrowhead and sometimes including only squares and 
rectangles (Hettie) or squares, rectangles, and trapezius [sic] (Olivia). Some of the 
participants omitted polygons with more than four sides although examples had been 
discussed in the previous categorisation activity. 
Although the construction of concept maps on shape followed the categorising 
and naming of actual shapes, some participants experienced difficulties with the 
activity. With other participants playing a major role in the first activity, it had not 
been evident that these participants lacked necessary knowledge of shape. While 
Taylor, Verna, Betty, Marie, Sally, and Hayden commented in their reflections about 
the value of concept maps for enhancing learning; Olivia, Douglas, Silvia, and Toni 
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found the construction of the concept map challenging (Section 7.2). A number of 
reasons or a combination of reasons was possible. Either they did not link the task to 
the previous activity or they lacked the necessary prior conceptual and linguistic 
knowledge of shape, which according to SC notions is crucial to the construction of 
knowledge. Insufficient prior knowledge may for instance have impeded their ability 
to choose appropriate categories. Another possible reason for the participants’ 
difficulties was their limited knowledge of concept mapping, a downside of this 
method (Vanides et al., 2005). There was evidence that some participants’ ability to 
construct the concept map was limited by their lack of knowledge of the words and 
concepts, shown by the omission of shapes from their concept maps, or inclusion of 
shapes in the incorrect categories, or use of diagrams not words to represent the 
shapes. Olivia included a rhonbus [sic] in the 3D category and needed to be 
encouraged to add words to her diagrams. It later became evident that her limited 
knowledge of the terminology of shape was the underlying problem, when she 
queried the meaning of equilateral and scalene triangles, for instance. Her difficulty 
with the terminology of shape also explained why she answered the question below 
incorrectly at the start of the learning sessions. 
Which of the quadrilaterals: parallelogram, trapezium, rectangle, or kite 
could correspond to the description that it is a closed shape with two parallel 
sides and two other sides of unequal length. Explain your answer. 
There were suggestions that some participants required scaffolding in the 
activity, their reflections aiding understanding of the situation. Olivia, Silvia, and 
Douglas, who expressed lack of confidence about the use of concept maps, exhibited 
deficiencies in their knowledge of shapes, such as limited knowledge of the 
terminology of shape. This suggested that the concept mapping activity was initially 
beyond the lower limit of their ZPDs. This was reinforced by Douglas’ final 
reflection statement that referred to his difficulties with shape (Appendix L, Question 
2 answer). Limited prior knowledge of shape (or of concept mapping) was also 
suggested by Toni’s Session 1 reflection: “Concept mapping was vague when not 
given much info before hand [sic] (A lot has been forgotten since primary school)”. 
The participants’ reflections and varied success with the construction of the concept 
maps provided evidence that an activity that is active and social does not always 
result in learning, as occurred with these students in the preceding activity. To ensure 
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success in the task, formative assessment of their prior knowledge of shape (and 
concept mapping) was needed by, for instance, requesting that the participants list 
key words for shape in two or more categories prior to the shape activities. As 
suggested by Miller et al. (2009), individual scaffolding could then have been 
provided by supplying selected students with an extended list of key words, with the 
aim of placing the activity within their ZPDs. Aligned with SC ideas, this would 
have enhanced their ability to construct new knowledge. An important element of 
instruction according to SC ideas, the participants’ reflections aided the researcher 
towards a deeper understanding of what had transpired. 
Showing mainly difficulties with meaning making, the participants, especially 
Group A in 2012, experienced more difficulties with depicting 3D shapes compared 
to 2D shapes on their concept maps. Hettie was unable to depict 3D shapes on her 
concept map and Olivia and Verna had limited success with the task. Verna included 
cylinder in the 2D “round shape” category, omitted the sphere and pyramids 
categories, and put cube and prism in two separate categories. Hettie from Group A 
referred to a cube as a square. Silvia from Group B constructed a Venn diagram for 
3D shape instead of a concept map (Appendix M, Sample 6), incorrectly placing 
cubes in the overlap between prisms, pyramids, and spheres and placing tetrahegons 
[sic] outside all the circles. This suggested limited understanding of the terminology 
for 3D shapes or the meaning of an overlap in a Venn diagram. However, a number 
of participants successfully categorised 3D shapes into prisms, pyramids, and spheres 
(e.g., Taylor, Marie, Betty). Discussion and feedback in Session 1 and at the start of 
Session 2 provided individual oral and written feedback to the participants, allowing 
them to expand their knowledge of words and concepts of shape (e.g., such as 
rhombus, cylinder, prism, pyramid). They were also supplied with a concept map on 
shape prepared by the researcher. 
The concept mapping activity revealed some of the participants’ challenges, 
allowing the gaps to be addressed. As discussed in the examples, their difficulties 
included misuse of the terminology of shape and challenges with categorising, 
linking, and ordering shape concepts, possibly partly due to time limitations. 
However participants who had the most gaps in their knowledge of 2D shapes often 
experienced limited success categorising 3D shapes (e.g., Silvia), and participants 
who had good knowledge of shape completed the concept map (Taylor, Cynthia). 
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Regardless of the difficulties experienced in the activity, benefits were achieved by 
the construction of concept maps. As suggested by McInerney and McInerney 
(2006), the concept maps aided the participants to identify their difficulties, and 
helped the researcher to identify participants who experienced challenges, meaning 
that their knowledge could be scaffolded. Such scaffolding may be necessary in 
preservice education to aid learners with tasks that depend on understanding of key 
shape terminology. 
To stimulate higher order thinking, the researcher had planned to get the 
participants to write a few paragraphs about the contents of their concept maps, an 
idea suggested by Miller et al. (2009); however, time precluded this activity. This 
was unfortunate as it could have reinforced the use of language and enhanced the 
development of shape concepts. This idea would subsequently be used in an activity 
on transformations (see Section 6.4.1). 
6.3.3 Tessellations 
The final activity in the sequence on space and the last activity in Session 1 
focused on tessellations. Initially, the meaning of key terms tessellation and regular 
polygon were scaffolded with the use of four-square model diagrams. Thereafter, 
with the use of three educational websites pairs of participants collaborated to answer 
a set of questions (Figure 6.5, 6g), in a process in which they accessed the 
information through the mode of communication called viewing. With the aim of 
extending learning in their ZPDs, parts of the activity were designed to be 
challenging to the learners, as advocated by some educators (e.g., Hyslop-Margison 
& Strobel, 2008). The researcher provided little input to the participants during the 
activity which was dependent on language with no reliance on mathematical 
algorithms. The activity encouraged the participants to use mathematical language 
and gradually improve their knowledge of the language and the related concepts 
(e.g., regular polygon, equilateral triangle, and tessellation). During the process their 
knowledge of tessellations was scaffolded by collaboration with others and by 
reference to the explanations and visuals in the websites, enabling them to answer the 
questions.  
Collaborative and active use of the websites was crucial in the learning. 
Stressed as important by Bull and Anstey (2005), the digital text called upon active 
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reading, including choices made by the readers about the order in which to proceed, 
choice of hyperlinks, and other interactions with the text, reading of the text 
occurring in a non-linear fashion. The first website, designed by Utah State 
University, enabled the participants to interact with the site to form tessellations from 
given shapes. Discussed in the examples below, this and the other websites led the 
participants towards a better understanding of regular polygons that tessellate, 
reinforced by collaborative and constructive conversations. In an endeavour to co-
construct meaning, Verna sought reinforcement from Taylor by stating “I said that all 
regular polygons tessellate ... but I don’t know if that’s correct”. In another statement 
regarding circles, Taylor referred to the prefix poly- to explain why circles are not 
polygons, arguing that “poly- means many ...”.  
Resonating O’Halloran (2005), the power of computer graphics and viewing 
was evident in this and other parts of the study. Use of the visuals in the websites 
aided some participants to discover, contrary to their initial answers, that regular 
octagons do not tessellate by themselves unless combined with other shapes, hence 
forming semi-regular tessellations. Referring to octagons, Verna commented “It 
would still create a tessellation. But it would be a tessellation which uses more than 
one shape”. Thus, the participants built an understanding of the term semi-regular 
tessellation as a tessellation that consists of more than one shape, not the tessellation 
of a shape that is irregular (e.g., kite). Discussion included observations that 
sometimes shapes needed to be rotated to form a tessellation (e.g., trapeziums). 
Taylor likened tessellations to patchwork quilting, a useful link to everyday 
knowledge.  
Hence, the activity on tessellations gradually led the participants to higher 
levels of meaning making, enabling them to build understanding of the regular 
polygons that tessellate and why, and how this differs from semi-regular 
tessellations. A combination of attractive visuals and colour on the easy-to-read and 
easy-to-navigate websites proved powerful for enhancing the learning, aiding 
collaborative construction of knowledge in accordance with instruction that follows 
SC ideas. The activity involved lively dialogue, stimulated by the questions and 
websites, in which the learners made many valid observations, gradually building on 
their existing knowledge with scaffolding from others. The value of the multi-modal 
text in terms of enhancing learning was evident in the described examples, and the 
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collaborative activities exposed gaps in knowledge that could later be addressed by 
the researcher.  
A number of observations were made about the group work. In some groups 
the success of the collaborative activities depended on a few individuals who were 
prepared to initiate discussion, a scenario also described in Alsup (2004) and Schifter 
(2005). The participants generally worked well in groups but in the tessellation 
activity, Hettie and Olivia in Group A appeared to experience difficulties working 
together resulting in less success than may otherwise have been achieved.  
Echoing views from Harris et al. (2006) about the value of the online 
environment in learning, much evidence pointed to the value of the carefully chosen 
websites in the tessellations’ activity. This included evidence from the audio 
transcripts, the researcher observations, and views of the participants in their 
reflections (Figure 6.6; e.g., Appendix M, Sample 2a, last statement). In their Session 
1 reflections, 12 out of 15 participants in 2013 voted the tessellation activities very 
useful out of the five categories ranging from very useful to not useful. They 
commented on the value of the displays in the websites in terms of being an 
attractive and user-friendly way of enhancing learning and understanding. Silvia 
wrote, “Loved this. With ICT hopefully schools can embrace laptops and ipads so 
that the internet can assist learning”. As further discussed (Section 7.2), four of the 
participants’ comments disclosed their positive views about learning independently 
of the facilitator, stating advantages as the increased control and decreased 
embarrassment of the learner. Numerous participants noted in their reflections the 
value of the tessellation activity in terms of its potential to empower them as teachers 
by giving them refreshing ideas for enhancing their practice, the importance of which 
was stressed by Bruner (1986). 
6.3.4 Looking back on the sequence of shape activities 
As verified by the participants’ reflections (Figure 6.6), the power of 
instruction guided by SC ideas was evident in the collaborative sequence of activities 
and the following games on shape. The activities encouraged the participants to think 
and talk about shape. Aligned to SC ideas, learning was active with emphasis placed 
on verbalising, scaffolding between peers in a collaborative setting, and building on 
prior knowledge. The researcher facilitated the process but avoided providing 
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answers too readily. The participants often referred to previous discussion from the 
sessions, further reinforcing their understanding. Taylor made two references to the 
use of prefixes for understanding the meaning of mathematical words (poly- in 
polygon and equi- in equilateral). Following Bruner’s three stages of representation, 
the use of manipulatives followed by concept mapping, and then use of websites to 
answer questions was seen to be a valuable sequence for gradually enhancing the 
participants’ knowledge of the language of shape. Group talk that followed and 
modification of the concept maps aided the participants to modify their 
understandings and scaffold their learning, such talk similar to that described by 
Novak and Cañas (2008) and Ryve (2004). The concept mapping activity was akin to 
formative assessment, helping the participants to assess their knowledge (McInerney 
& McInerney, 2006). Overall, the sequence of activities included various scaffolding 
techniques (see Section 3.2.2), thereby following the SC notion of the importance of 
scaffolding in learning. Learning was scaffolding by making links to prior 
knowledge, by following set steps, and through scaffolding conversations with 
reference to manipulatives, and use of engaging activities.  
The sequence of shape activities offered many benefits in the learning program, 
reinforced by the participants’ reflections. They served to show the big picture of 
shape and encourage linking of concepts, moving towards increasingly complex 
activities and increasing use of the language of shape. As recounted in an example by 
Ross and Frey (2009), the benefits of collaborative learning in terms of consolidating 
language use and understanding were evident. Finally, the tessellation activity led to 
meaning making at a higher level than the previous activities due to the inclusion of 
questions requiring inferences and justifications (e.g., “Which regular polygons 
tessellate? Explain.”). The activities on shape made use of all five communication 
modes, extending the idea of supplying a balanced literacy program (see Rasinski & 
Padak, 2004). Evident in the participants’ reflections, the shape activities were 
positively evaluated by the participants, especially the tessellation activity (see 
Figure 6.6), with a few difficulties experienced in the concept mapping activity.  
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Use of manipulatives and concept maps to scaffold instruction of shape: 
Verna: I did also like being able to categorise the 2D and 3D shapes and look at them on a computer. 
(Final reflection)   
Helen: I found activities that categorise things good. I was able to gather a broader picture of the 
learning intent. (Final reflection) 
Michelle: I definitely found the hands on, small group activities with other students to be most helpful. 
(Member checking)  
Use of concept mapping: 
Participants’ reflections about the use of concept maps can be found in Table 7.2. 
Use of websites to scaffold instruction of tessellations: (Reflections on tessellation activity, Session 1) 
Silvia: Loved this. With ICT hopefully schools can embrace laptops and ipads so that the internet can 
assist learning.  
Betty: Found this very useful. The websites are kid friendly.  
Douglas: Very useful. Have a go, then correct it. Good for kids too – allows them to try and get it 
wrong without embarrassment. 
Helen: This was very helpful the websites were amazing – understanding when explaining pictures are 
so important. 
Michelle: Allows students to scaffold and try out answers for themselves. I will do this as a teacher 
rather than explaining it all myself. 
Figure 6.6. Examples of participants’ statements on the use of manipulatives, concept maps, and 
websites to scaffold instruction on shape and tessellations. 
6.3.5 Teaching and learning with a focus on key literacy in shape 
As suggested by Bruner (2006a, 2006b), learning can be scaffolded through 
use of effective strategies such as steps to assist learning. Following Bruner’s 
(2006a) three stages of representation, activities such as the progressively more 
difficult sequence of activities on shape can be used to help learners to build 
knowledge of literacy in the space strand in a collaborative and active way, 
knowledge co-constructed with scaffolding from others. Through discourse and 
practice during the activities learners gradually move towards using increasingly 
precise mathematical language corresponding to the topic (Barton, 2008), guided by 
development of necessary literacy competencies outlined in the FRM. The language 
development is linked to a deeper understanding of concepts (Dunston & Tyminski, 
2013; Kotsopoulos, 2007). This corresponds to the Vygotskian idea that language 
transmits and constitutes knowledge (Vygotsky, 1936/trans. 1997), and is consistent 
with Burns’ (2007) suggestion that knowledge of concepts and the corresponding 
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terminology develop simultaneously. The close link between the development of 
language and concepts was seen in the sequence of activities on shape in which the 
activities became a vehicle for exposing and rectifying misconceptions. For instance, 
during a verbal discourse focusing on the term regular polygon in the tessellation 
activity, many misconceptions were exposed, discussion of which gradually led the 
learners towards a deeper understanding of the concept.  
Use of computers and concept mapping can enhance the instruction of 
geometrical concepts. The value of computers in mathematics learning resonates in 
many educators work (e.g., Arnold, 2004; J. A. Edwards & Jones, 2006). As evident 
in the tessellation activity, use of carefully chosen websites containing aesthetically 
pleasing and colourful static and dynamic representations of 2D and 3D shapes offers 
the potential of enhanced concept development. And as discussed by Novak and 
Cañas (2008) and evident in this study, construction of concept maps activates prior 
knowledge and exposes knowledge gaps. In accordance with instruction that follows 
SC ideas, concept mapping encourages learners to consider relationships and 
connections. If, as in this study, the concept maps reveal misunderstandings of the 
terminology of shape and links between concepts, it is possible to enhance 
understanding through scaffolding from more knowledgeable persons (Bruner, 
1986). Feedback can be provided orally or in written form or as an expert concept 
map on shape. Providing the weaker students with a list of key words offers the 
potential of positioning the activity within their ZPDs, by scaffolding their prior 
knowledge in a constrained process (see Miller et al., 2009), leading to improved 
concept mapping and correct spelling of the terms. As evident in this study, it is 
important that tasks involving concept mapping are designed to be within the ZPD of 
the learners, an important concept in Vygotskian learning theories. 
Herewith follows a discussion about transformation geometry, a sub-section of 
the geometry strand. 
6.4 TRANSFORMATION GEOMETRY  
Transformation geometry is relatively new in the curriculum, having followed 
Euclidean geometry from earlier years (Barton, 2008). Therefore it is possible that 
some preservice and inservice teachers did not learn this type of geometry or have 
forgotten the foundational concepts. Teachers’ challenges with the topic may in part 
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account for children’s difficulties revealed in Lowrie and Diezmann (2005, 2007). In 
these studies, children were found to experience problems in the retinal-list category 
of representations, which includes transformations.  
6.4.1 Transformation geometry in this study 
Gaps in knowledge of transformation geometry were evident at numerous 
times in the study. In the last voluntary learning session in 2012, neither Hettie nor 
Olivia was familiar with the terminology of transformation geometry, including 
knowledge of everyday words such as reflection and rotation when used in 
mathematics. Although Hettie commented that the section had been taught in one of 
her teaching practices, she was unable to identify a reflection, rotation, or translation 
in diagrams, and could not name a mirror line or a centre of rotation. The 2013 
participants’ difficulties with the terminology of transformation geometry were also 
noted. Evident in an audio transcript, in Session 1 the Group B participants suggested 
imprecise meanings for the word transformation such as transforming into something 
else or moving, not referring to reflections, rotations, and translations. In Session 2 
they were asked to write a paragraph about transformations prior to the card activity 
on transformations. All participants in the group admitted that they were unable to 
summarise their limited knowledge of transformations, stating that they were not 
familiar with the word, as it is used in mathematics. They did however try to link the 
meaning of the word transformation to the everyday meaning of the word (to 
change).  
Such gaps pointed to the importance of scaffolding the participants’ knowledge 
with the aim of enhancing their ability to teach transformation concepts in schools. 
Aligned to SC ideas, this was achieved for all groups through an activity requiring 
the participants to collaboratively organise cards depicting words and diagrams 
pertaining to transformations, similar to the idea discussed by McInerney and 
McInerney (2006). A photo of the incomplete activity is shown in Figure 6.7. A 
concept map was progressively built from cards which were evenly distributed in the 
participant groups to ensure all were involved. Group members were encouraged to 
aid other groups.  
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6g. Concept map on transformations (collaborative) – Construct a concept map of the included terms 
and diagrams which are supplied on individual cards.  
Cards included words such as translation, slide, congruent, and diagrams such as a diagram of a 
translation.  
 
Figure 6.7. Card activity on transformations from the first learning session.  
Some participants were unfamiliar with the user-friendly words flip, turn, and 
slide, bridging language used in lower levels for reflection, rotation, and translation 
respectively (e.g., Appendix Q). Evident in the photo, the word flip was incorrectly 
placed with turn in the category of rotations, and the diagram of translations was 
placed with tessellations. The fact that some participants equated flips with rotations 
seemed to indicate that they were overlooking the everyday meaning of the word flip 
and its connection to the concept reflection. Further, at least one participant was 
unsure of the word reduction: 
Hettie: I don’t know what reduction is.   
Others associated it with enlargement: 
Taylor: Reduction. That’s reduction [looking at the picture]. 
Olivia: Yeah. 
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Verna: Sure. It could also be enlargement, depending on which way you read 
it.   
Olivia: Yeah it could.   
As discussed by Cobb and Yackel (1998), the example shows the supporting 
help from peers in the two comments in which participants agree with what has been 
said. However, the example below demonstrates how constraint offered by peers can 
scaffold learning through statements that show disagreement. 
Hettie: So, reflection is when it’s like …   
Olivia: The same [statement implying that the object and image are the 
same] 
Taylor: A mirror image. 
Through dialogue, individuals scaffolded their peers’ learning (see Hunter, 2010), 
offering support and constraint. Together, such scaffolding from peers and the 
researcher aided the participants to correctly categorise the transformation cards to 
form a concept map that depicted the hierarchy of transformational geometry 
concepts. In addition to reading, the activity entailed speaking and listening, 
communication modes that play a crucial role in instruction (Vygotsky, 1978). These 
modes together with viewing and writing are key to literacy learning (Rasinski & 
Padak, 2004).   
Reinforcing SC ideas about the importance of prior knowledge in learning, the 
card activity complemented the participants’ prior knowledge making the subsequent 
activity possible. As described by Sierpinska (1998) learners’ limited prior 
mathematical understanding can impact on the effectiveness of group work, in this 
case resulting in Group B participants’ initial lack of success with constructing a 
summary of transformational geometry concepts. Higher levels of understanding 
were promoted by scaffolding in a social setting whilst they were actively engaged in 
the card activity. Aligned to Vygotskian (1936/trans. 1997) notions, the use of verbal 
language encouraged the participants to organise and modify their prior 
understandings, stimulating an internalisation of the actions into verbal thought. 
Thereafter, all the participants effectively summarised their knowledge of 
transformations (e.g., Figure 6.8, Silvia’s work sample).  
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Figure 6.8. Silvia’s work sample on transformations from the second learning session. 
The indications were that the participants collaboratively possessed enough 
prior knowledge to partake in the card activity, but not directly in the individual 
writing activity. Peer scaffolding enabled them all to reach a higher level within their 
ZPDs, allowing them to achieve in an activity that would otherwise have been too 
challenging (Vygotsky, 1978). This process was aided by supplying the learners with 
a set of key words and representations, referred to as a constrained process by Miller 
et al. (2009, p. 366). The collaborative concept mapping activity encouraged them to 
scaffold each other’s learning by articulating and organising their transformation 
ideas in a visual way, whilst making links to prior learning (Novak & Cañas, 2008). 
Thus a big picture of transformations was exposed, which may be less likely if 
concepts are taught separately. Evident too were other benefits of using concept 
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maps in learning, such as organisation, ordering, and simplification of content (see 
Figure 3.4). This initiated the participants’ success with the writing activity, 
suggesting the value of the combined strategies. As suggested by Bruner (2006a) and 
Miller et al. (2009), the superficial nature of concept mapping can be complemented 
by descriptions of the contents of the maps to stimulate higher order skills, hence 
encouraging internalisation of the transformation concepts (Vygotsky, 1978). This is 
consistent with Burns’ (2004) views, the author stating the benefits of writing in 
terms encouraging students to reorganise and clarify their thoughts. In an idea 
suggested by Novak and Cañas (2008) and in order to further reinforce the ideas and 
terminology, the participants were then provided with a concept map and summary 
of transformations constructed by the researcher. 
Douglas: The concept maps were good, as were the card games – which, in particular, quickly 
highlight areas of confidence and confusion. (Appendix L, Question 2 answer, final reflection) 
Pamela: I really like the card activities – nutting it out & having to explain it to others. (Session 2 
reflection) 
Helen: I found activities that categorise things good. I was able to gather a broader picture of the 
learning intent. (Final reflection) 
Michelle: I thought the card matching activities were a really good idea, since it let us address our 
ideas about words and concepts, and then understand what the meaning was. (Final reflection) 
Michelle: I definitely found the hands on, small group activities with other students to be most helpful. 
(Member checking)  
Figure 6.9. Examples of participants’ reflections on the use of card activities such as those used in the 
instruction of transformations and probability. 
The improvement in the Group B participants’ ability to summarise their 
knowledge of transformation geometry, the researcher’s observations of the 
constructive, active, and collaborative nature of the activity, and the participants’ 
high rating of the activity pointed to the value of this strategy guided by SC ideas. A 
sample of participants’ reflections on this and other similar card activities, such as a 
card activity on probability, are shown in Figure 6.9, reinforcing suggestions of the 
benefits of such activities. The comments refer to the value of concept maps, which 
show the broad picture and identify understandings, and of card activities, which 
build understanding through active engagement and verbal discourse between peers. 
A benefit of reflective practice in instruction that follows SC ideas, the comments 
indicate that the participants were considering reasons for the success of the 
activities. This focus has the potential to transform practice (Ward & McCotter, 
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2004) by providing grounds for acting strategically rather than instinctively in their 
own teaching (Bruner, 1986). Evidence of her partiality to the activities, Verna used 
the idea of a concept map for transformations in her subsequent teaching practice, as 
fully described in her final reflection.  
Differences in the participants’ understandings of the words congruent, similar, 
flip, turn, and slide surfaced through the transformation card activity. Evident in the 
transcriptions, their challenges with the words congruent and similar occurred in all 
the groups, resonating with primary children’s difficulties with congruent in Renne 
(2004). Understandings of the word congruent varied from being unsure of the 
meaning, to equating it to the meaning of similar or adjacent, to understanding 
congruent as equal to (e.g., Appendix Q). In the following statement Kim from 
Group D attempted to explain that the word congruent could be used to describe 
equal angles: “Congruent on each other or reliant because that might be – you know 
when it’s like dot, dot congruent angles”. 
Participants’ understanding of the word similar varied from no understanding 
to understanding the word to mean the same, not quite the same, or nearly the same 
such as the object and image of a reflection or rotation (e.g., Appendix Q). Michelle 
in Group D thought that similar described a reflection and Hayden in Group C 
suggested, “They’re all similar” [referring to objects and images in reflections, 
rotations, translations, and enlargements]. When the researcher explained that similar 
meant the same shape but a different size, Pamela in Group C responded: “I never 
properly knew that. I just thought similar meant the same”. Some of the participants’ 
challenges corresponded to Rubenstein’s (2007) discussion about students’ 
misunderstanding of the mathematical meaning of the word similar, different to its 
everyday English meaning. In Group D the participants’ expanding comprehension 
was evident, including acknowledgement of the difference between the everyday and 
the mathematical meaning of the word similar.  
Cynthia: And then similar would be that one and … [pointing to diagram 
depicting rotation, suggesting that she was thinking of the everyday meaning 
of similar]. 
Researcher: No. Similar is a different size but the same shape. 
The participants then pointed to the picture under enlargements/reductions. Casey 
asked, “So is that mathematical then?” 
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6.4.2 Challenging words in measurement and geometry and more broadly in 
mathematics 
Complicating meaning making which is one of the key dimensions of the FRM, 
lexical words, or words with multiple meanings, may pose challenges to mathematics 
learners (Barton, 2008; Boulet, 2007). Of the words in this study that posed difficulties 
to the participants almost a third had multiple meanings (Table 6.3), including many 
words used in transformation geometry. The study built understanding of participants’ 
misuse of the words similar, transformation, tally, and tonne due to their everyday 
associations with these words. As suggested by Martiniello (2008), difficulties may 
stem from learners’ limited or conflicting experience or knowledge of such words. In 
the study, Olivia noted in her final reflection the differences between the mathematical 
and everyday English meanings of the word transformation, which in mathematics 
refers to objects with the same size and shape but changed in position or orientation 
(Appendix L). This differs from the everyday English meanings, which relate to 
changes in shape, appearance or usefulness. Kotsopoulos (2007) advocated that, as per 
SC ideas, the similarities and differences of word meanings should be discussed, 
aiding students to form links to other knowledge. However, evident in this study, links 
to other meanings may help or hinder meaning making. Many other words that posed 
challenges in this study were technical words (Table 6.3; e.g., prism, outlier, 
histogram), also needing careful introduction because of their limited use in everyday 
conversation (Ewing Monroe & Orme, 2002; Kotsopoulos, 2007).  
Table 6.3 
Examples of Mathematical Language Unfamiliar to or Misused by the Participants in the Study 
Examples of unfamiliar or misused words  
Even, product, multiple, quotient, operation, prime number, radius, vertex, one- and two- and three- 
dimensional, planar, pentagon, hexagon, trapezium, rhombus, cube, cuboid, cylinder, sphere, prism, 
pyramid, isosceles, regular, tessellation, transformation, reflection, rotation, translation, similar, 
congruent, perimeter, hectare, acre, ton/tonne, measurement unit, tally, outlier, mean, median, mode, 
stem-and-leaf plot, box plot, histogram, continuous, discrete, variable, trial, outcome, sample, survey, 
census, experimental and theoretical probability 
6.4.3 Use of card activities and concept maps in teaching and learning 
Bearing in mind that some preservice teachers may have limited memory or 
understanding of some of the important language, numerous activities can be used to 
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scaffold the learning of transformation geometry terminology. Examples include the 
card activity used in the study in which the cards depicting transformation concepts 
were categorised as in a concept map, followed by writing about transformations. 
They also include use of graphic organisers such as a four-square model diagram (see 
Dunston & Tyminski, 2013) for introduction of key words (e.g., transformation, 
reflection, rotation, translation, and tessellation; Appendix M, Sample 5). Notably, in 
line with SC ideas and meaning making in the FRM, such activities rely on prior 
knowledge, without which success in the activity may be impossible. 
As described in Section 6.4.1 and further detailed by Miller et al. (2009), 
concept mapping presents a useful way to scaffold meaning making of 
transformation geometry by: integrating and extending knowledge, ordering and 
organising information, stimulating description, and allowing the big picture to be 
viewed. This reinforces observations made in the activity on the categorisation of 
shape (Section 6.3). As evident in this study, concept maps can also be useful in the 
instruction of other topics of mathematics. For instance, in this study concept maps 
were used to depict the participants’ initial and developing knowledge of literacy in 
mathematics in Session 1 (e.g., Appendix M, Sample 8), and were subsequently 
modified and extended after dialogical interactive activities (see Vanides et al., 2005) 
and as the learning progressed. Concept maps were used in activities to categorise 
probability and measurement concepts. In some instances, the researcher scaffolded 
learning by providing feedback to stimulate new, fuller concept maps and 
descriptions. Although time constraints did not allow for the use of computer 
software such as Inspiration (Inspiration Software Incorporation, 2012) for concept 
mapping, such options offer the potential of further enhancement of teaching and 
learning. 
6.5 SOLVING MATHEMATICAL WORD PROBLEMS  
In terms of preservice teachers’ knowledge, the key role of representations 
became increasingly evident in the learning sessions, an example being the role 
representations play in the solution of mathematical word problems. Part of text 
using, the importance of mathematics learners developing competencies with various 
semiotic systems has been stressed by educators (e.g., Fang & Schleppegrell, 2010; 
O’Halloran, 2005). Much of mathematics relies on generation and interpretation of 
varied representations of mathematical ideas including concrete representations, 
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symbols, words, and visuals, when interpreting, reporting, systematising, and 
communicating in mathematics (Brahier, 2009). Pointing to teachers’ key role in this 
regard, the Australian Curriculum Mathematics states the importance of school 
children learning to represent concepts in varied ways to develop mathematical 
understanding and produce well-communicated solutions (ACARA, 2015b).  
The researcher’s growing realisation of the crucial role of representations 
stimulated the idea of developing pedagogical strategies to enhance understanding of 
literacy in mathematics whilst encouraging the participants to use text of different 
formats (e.g., Quinnell, 2014a). Activities using diverse representations of data were 
incorporated into the learning, especially in the 2013 sessions. Examples were the 
problem-solving activities in Session 2, which are discussed in this section, methods 
of solving the problems including construction of lists, tables, pictures or graphs, or 
finding patterns or equations (see Ruchti & Bennett, 2013). Similar to the methods 
used successfully by the teacher Ms Conceptual in Boaler’s (2003) study, during the 
activity the participants were required to explore, generalise, and justify answers. 
Problems in the study relied on print-based and electronic text. Although the 
described examples refer to measurement, the strategies are likewise applicable in 
other strands of mathematics.  
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6.5.1 Print-based problems 
2. Individually then in groups (purple then blue pen) 
a. Old McDonald had 36 m of fencing. He planned to fence an enclosed rectangular area for his 
chickens. What is the maximum area that Old McDonald can fence with 36 m of fencing? Use 
multiple methods to show your solution, making sure that the solutions are logically presented. 
b. What do you notice? Your observation could be checked by repeating the problem with other 
lengths of fencing such as 100 m.  
c. Suppose an estate agent is selling you a piece of land 125 m by 75 m. The brochure states that the 
perimeter is 400 m and the price per metre $1000 therefore the price for the property is $400 K. 
Discuss this critically by referring to your answer in b. 
(Note: Previously, in some civilizations, pricing of land was based on the number of paces along the 
perimeter of a shape). 
4. (Group work) You have a family emergency in Auckland and need to fly there asap. Assume that 
you can get to the Brisbane airport by 12 midday today. Use the website ita matrix software below to 
find a round trip to Auckland which takes off today. Assume that you are spending one week in 
Auckland.  
http://matrix.itasoftware.com/#session=ed3b4f95-dcb2-48b0-86e4-3746de96b24d 
a. Name the airline company which you chose and discuss why you chose the flight that you did. 
b. Discuss the flight time and arrival time and date. Compare this with your time of departure and 
explain why it appears to take about 6 hours to reach Auckland.  
c. Critical literacy involves identifying parts of text which may lead to bias because of text omitted or 
emphasised for instance. What misleading elements may you find in similar websites? 
d. Also look up and discuss the weather conditions in Auckland so that you are prepared for the 
current weather conditions in the city. 
e. Use the currency converter http://themoneyconverter.com/AUD/NZD.aspx to find out how many 
NZD$ you will get for every AUD$100. 
Figure 6.10. Problem-solving Questions 2 and 4 from the second learning session. 
The first three problems in Session 2 (e.g., Figure 6.10) were solved in various 
ways, using varied representations, thereby exposing the participants to a range of 
literacy practices. Initially they were solved individually. Thereafter, the participants 
worked on the problems in groups under the leadership of a leader who guided them 
through van Garderen’s (2004) steps (reading, clarifying, questioning, summarising, 
and planning) in order to aid the code-breaking and meaning-making processes. The 
SC approach affected the types of interactions and methods used to solve the 
problems. The activities were primarily student-centred and encouraged varied 
constructions of the answer. To stimulate learning independent of the facilitator and 
scaffold the problem-solving process a FRM heuristic was used (Appendix D; see 
Holton and Clarke, 2006). In problem-solving Question 2 (Figure 6.10), the process 
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involved breaking the codes and meaning making of the text, such as discussing the 
meaning of $400 K, and identifying and discussing key words such as maximum area 
and perimeter. Critical analysis of a statement from an estate agent’s brochure was 
included. As an aid to meaning making, at times Parkin and Hayes’ (2006) method of 
writing supplied and required information on two differently coloured cards, was 
used (e.g., Appendix M, Sample 9a). In this way the participants worked jointly and 
supportively to make meaning of and solve the problems. Part of text using, they 
were encouraged to solve the problems in multiple ways, using diagrams, lists, 
tables, graphs, and symbols (e.g., Appendix M, Sample 9b), culminating in class 
discussion of appropriate solutions. 
Evident in the work samples and noted in the researcher’s field notes, the 
participants from all groups’ individual answers to the problem-solving questions 
included limited use of varied representations to illustrate the information and solve 
the problems. This resonated with their answers in previous activities (e.g., Sections 
6.1, 6.2), possibly indicating their challenges with constructing such representations. 
Those who successfully answered the questions usually used a guess-and-check 
method (e.g., Michelle) or written algorithms (e.g., Kim), others experiencing limited 
success with solving the problems although they claimed to understand the questions. 
Few participants made use of representations such as diagrams, tables, and graphs 
although they had been supplied with a visual depicting such problem-solving 
strategies (Working Mathematically, 2014; Appendix D) and although they stated 
that the visual nature of some problem-solving strategies would aid their teaching. 
Even after answers to Question 1 in Session 2 had been modelled by the researcher 
with the use of diagrammatic, tabular, and algebraic methods, limited attempts were 
made by the participants to use similar varied approaches in Question 2 (Figure 
6.10). Further, the participants’ challenges with generating data in multiple formats 
were evident in Session 3, and in some of the audios and reflection comments 
(Section 5.2.4), and noted as an issue in the researcher’s field notes. An indication of 
her ability to represent data in multiple ways, Betty’s work in the second encoding 
question in Session 3 was the best example of the participants’ efforts to represent 
the cost of bananas in multiple ways (Appendix M, Sample 10, Session 3, Betty, 
third answer). The participants also appeared to lack understanding of the logical 
order and precision needed to effectively communicate mathematical ideas in their 
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answers (e.g., Douglas, Michelle, Cynthia), possibly partly attributable to time 
constraints. Part of the code breaking and related meaning making in mathematics, 
and an element of teachers’ pedagogical content knowledge (Mishra & Koehler, 
2006; S. Norton, 2010, 2012), effective communication of mathematical ideas would 
play a key role in their teaching.  
The participants’ limited use of varied representations is of concern because of 
the importance of teachers scaffolding their students’ knowledge of mathematics and 
literacy in mathematics through representing, linking, and extending mathematical 
ideas and solving problems for their students in varied ways (Zevenbergen, 2005). 
Their limited use of varied representations may have resulted from their own school 
experiences or from their teaching practice experiences (Zevenbergen, 2005). These 
encounters possibly exposed them to scant use of varied representations to represent 
mathematical ideas in teaching that was underpinned by traditional rather than SC 
approaches. Another possible reason, as with learners in Baker et al. (2001) and 
Diezmann (2005), they may have lacked the necessary literacy competencies to 
represent information in different ways. Requiring further empirical validation, this 
study suggested that these issues may need to be addressed in preservice education.  
Of all the activities in Session 2, the problem-solving activities in which the 
problems were solved in multiple ways, were given the highest rating by the 
participants in their reflections. Enhanced by SC ideas, the participants commented 
on the future value to their students of collaborative solving of mathematical word 
problems with scaffolding through multiple methods of representation and from the 
FRM heuristic. For instance:  
Silvia: I like this idea and would use it a lot as many children are put off by 
problems and this gave me and would give them a way of findings [sic] 
differing ways to solve a problem”. 
The examples highlighted the importance of mathematical language in all its 
linguistic formats for the communication of mathematical ideas, alluding to the 
advantages of teachers building knowledge of varied representations. Such 
knowledge, which relies on literacy practices, has the potential to benefit teachers’ 
ability to explain, present, and clarify solutions to problems at varying school levels.  
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6.5.2 Use of electronic text in problems  
Language is now viewed as a social practice, not merely a study of a system of 
signs, hence the focus on pragmatics in contemporary literacy instruction. Electronic 
text was integrated into the learning resources because of its key role in everyday 
literacy, reflected in its importance in contemporary literacy learning (see Serafini, 
2012). Problem-solving Question 4 in Session 2 required the participants to 
collaboratively source information in electronic text in order to answer given 
questions (Figure 6.10), the text designed to give travellers information. In the 
activity, small groups of participants worked collaboratively to make discerning 
decisions about an emergency trip to Auckland by scanning the information in the 
given websites. The question exposed the participants to contemporary literate 
cultures, interpretation of the given electronic text reliant on text-using practices, at 
times necessary in everyday situations. The activity followed Vygotsky’s (1978) 
notions about the importance of purposeful student-centred learning, the participants 
gaining practice with sourcing information in electronic text, deemed to be important 
by Zammit and Downes (2002).  
As did the hypertext described by Bull and Anstey (2005), the activity required 
the participants to interact actively with the text, and proceed in a non-linear fashion 
making decisions about the best order in which to proceed through the text. Parts of 
the activity relied on higher order elements such as analysing, justifying, and 
inferring, stressed as important in the Australian Curriculum Mathematics (ACARA, 
2015b), and in instruction following the SC approach (Hyslop-Margison & Strobel, 
2008). For instance, the participants were required to justify their choices of airline 
company and ticket.  
The participants capably engaged with the text as meaning makers and text 
participants, filling in fields, sorting, searching for, and analysing information on 
travel times and costs, weather conditions, and currency conversion rates. They 
called on a broad repertoire of literacy practices, important in terms of the balanced 
approach to literacy learning advocated in the FRM. The electronic text incorporated 
links, filters, and organisers, and relied on web searches with the use of a browser 
and effective navigation of the websites in an interactive and non-linear fashion, all 
elements of code breaking (Serafini, 2012). Data was presented in multiple semiotic 
systems such as 1D and 2D tables, graphs, pictures, and weather maps (which 
 262 Literacy in mathematics in preservice education 
included headings, labels, keys, numbers, and colours), all adding to the code-
breaking and related meaning-making demands. As stated by Luke and Freebody 
(1999), literacy learning involves exposing learners to a breadth and depth of literacy 
practices, breadth in this case provided by the range of genres in the websites. The 
websites required the participants to make decisions about which links to select, links 
for weather conditions in Auckland including temperature, rainfall, wind speed, wave 
height, and humidity data for instance. This is an example of the reader as designer 
(see Serafini, 2012), learners choosing their own reading paths through the text, paths 
that may be influenced by design elements that attract the readers’ eye in a particular 
direction. A process echoing SC ideas of active construction of knowledge, use of 
such text depends on more active participation from the reader compared to the 
reading of print-based text (Kress, 2010). Such reading, called viewing, is vastly 
different from following the often pre-set steps of reading from left to right in print-
base text, a shift towards increased agency of the reader.  
Negotiating the websites relied on knowledge of in included codes: symbols, 
abbreviations, and measurement units (e.g. m for metres or minutes, °C, km/h, knots, 
%, mm or mm/h of rainfall, directions such as NE, NZ$ or NZD, exchange rates such 
as 1.06, am and pm, jan for January, dates such as 23/01/2015, and times such as 
08:15 pm). In general the participants showed an understanding of abbreviations for 
measurement units and were competent with reading information in the tables, maps, 
and graphs. Olivia commented on possible confusion between 12 am and 12 pm for 
12 midday. Unexpectedly, some participants experienced challenges with internet 
searches such as a search for weather conditions in Auckland, reinforcing a statement 
by Baguley et al. (2010) that not all students have full competence with such code-
breaking literacy practices. However, collaboration between peers aided those who 
needed help to accomplish the necessary searches. Further, the collaborative 
environment allowed the participants to construct their opinions in a supportive 
environment in which all learners views are valued (Baguley et al., 2010). 
Some participants found the questions that relied on prior knowledge 
challenging. This resonates with Freebody (1992) and Baguley et al. (2010), in which 
literacy is seen as essentially a social practice with meanings shaped according to 
readers’ prior experiences of the social circumstances surrounding the text. This 
accounts for the key role of readers’ when constructing meaning of text. Examples of 
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the participants’ challenges with prior knowledge included questions that relied on 
knowledge of time zones or requirements to arrive at airports well in advance of 
departure times. Noted in the researcher observations, participants with knowledge of 
time differences between countries were able to scaffold others’ understanding, 
examples of dialogues that help others to reshape their ideas (Vygotsky, 1936/trans. 
1997). Regarding text using, the participants needed to take cognisance of the 
purpose and audience of the text, the commercial aspect of the text giving them clues 
about critical analysis, such as extra costs shown in fine print, conditions of flight 
bookings, and the possibility of variable weather conditions and exchange rates. As 
for the literacy practices necessary to navigate around the text, the individual 
participants contributed various ideas, leading to joint construction of the meaning of 
the text and enabling them to answer the associated questions. 
The example illustrates that electronic text can be used to enhance literacy 
instruction, with a focus on the overlap between mathematics and literacy, using the 
FRM and SC ideas to guide the teaching and learning. As discussed by Freebody and 
Luke (2003), some literacy learning is achieved by exposure to explicit teaching 
whereas other learning is achieved by exposure to activities in which learning occurs in 
natural conditions, the activity on the trip to Auckland being an example of the latter 
type. Exposure to text such as that in the websites enhances learners’ access to 
contemporary literacy practices encouraging them to become “purposeful and 
functional members of a literate society” (Freebody, 2000, p. 2). In retrospect, it is 
the view of the researcher that inclusion of more such activities would have further 
enhanced the learning in the learning sessions. 
6.6 TEACHING AND LEARNING STRATEGIES: USE OF MULTIPLE 
REPRESENTATIONS AND ELECTRONIC TEXT  
6.6.1 Use of multiple representations 
In addition to exposing learners to a range of literacy practices, visual 
representations can be a useful tool in problem solving and other activities, an aid for 
enhancing learning (ACARA, 2015b; Chamberlin, 2009; Terwel et al., 2009). The 
importance of students developing competencies to interpret and generate a range of 
texts typical of mathematics is echoed in the Australian Curriculum Mathematics 
(ACARA, 2015c). In this study, inclusion of varied visual representations played a 
key role in some vocabulary introduction strategies (Section 6.2.3), problem-solving 
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activities (Section 6.5), and statistics activities in which experimental results were 
recorded (Appendix J, Session 2). Use of representations enhanced explanations in 
activities that required comprehensive descriptions of mathematical ideas (Sections 
6.1, 6.2). Evident in the study the participants’ understanding of transformations was 
reinforced by a collaborative card activity showing varied representations of 
transformations (Section 6.4). In the tessellation activity, there was evidence in the 
audio transcriptions, work samples, and participant reflections that the diagrams in 
the websites had enhanced their understanding of shapes and tessellations (Section 
6.3.3).  
Reliant on a range of literacy practices the examples illustrated the importance 
of preservice teachers developing competencies with multiple representations of 
mathematical ideas, both for their own learning and to enhance their ability to make 
the content “comprehensible to others” (Shulman, 1986, p. 9). The crucial role of 
representations resonates in particular with the focus on representations in the 
mathematics curriculum in USA (NCTM, 2011). It was noted as a key part of 
teachers’ pedagogical content knowledge by Norton (2010, 2012), and stressed by 
Ryan and McCrae (2005) who identified the potential of representations to facilitate 
preservice teachers’ cognitive transformation and improve their teacher efficacy: “It 
is the use of representations that may shift procedural behaviour towards conceptual 
understanding. Indeed representations are the life-blood of teaching and the basis of 
pedagogical teacher knowledge” (p. 647). This highlights the importance of 
pedagogies that can be used to enhance preservice teachers’ knowledge of 
representations, in order to advance their ability to understand such visuals and to 
present mathematical ideas in varied logical, accurate, and precise ways. 
Teachers require understanding of varied representations. Evident in the study 
and in an example in Brahier (2009), different representations are important because 
they have different purposes, strengths, and limitations (O’Halloran, 2005); for 
instance visual images may be easier to understand than symbolic language, but the 
codes associated with different representations need to be understood (O’Halloran, 
2005; e.g., Section 5.2.1). Knowledge of a range of representations allows 
mathematical ideas to be communicated more effectively than any individual system. 
The choice of the most appropriate representation depends on the question, teaching 
level, and the literacy competencies of the learners. Teachers’ faculty to choose 
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suitable representations of mathematical ideas is part of teachers’ pedagogical content 
knowledge (Mishra & Koehler, 2006; Orr et al., 2014), making it possible for them to 
present content in comprehensible forms, suitable for the learners’ ZPDs.  
Dependent on literacy practices, examples of ways that knowledge of varied 
representations can be scaffolded are presented in the study. An activity similar to 
that described by Brahier (2009, p. 208), in which the learners collaboratively match 
cards depicting varied representations of data such as verbal, tabulated, graphical, 
and symbolic formats, is one way of aiding learners to extend and link their 
understanding of representations (Appendix P, Sample b). Transformation and 
probability card activities can be used to simultaneously introduce learners to 
multiple representations of ideas (e.g., Section 6.4). Questions that rely on 
integration of information from multiple semiotic systems present another option for 
forming links between different representations (e.g., Section 5.2.2), as do activities 
in which learners construct representations of experimental data (e.g., Appendix J, 
Session 2 Problem solving 3f). Use of four-square diagrams and other graphic 
organisers encourage learners to represent words and concepts in various ways, 
hence potentially enhancing knowledge of the concepts and the literacy practices that 
underpin the different representations (Section 6.2.3; Dunston & Tyminski, 2013). 
Also useful for exposing learners to varied representations, activities in which data is 
presented for a number of statistical variables make possible the construction of 
various representations to show different relationships (e.g., Chick, 2004; Watson, 
2000a).  
Problem solving activities that require learners to represent problems in 
varying formats also expose learners to a range of different representations, reliant on 
a range of literacy practices. The first two mathematical word problems in Session 2 
are examples of problems that can be solved in multiple ways, with representations of 
solutions appropriate to the level of schooling (e.g., Appendix M, Sample 9b). Varied 
representations can be used in combination with steps to scaffold problem solving 
(Section 6.5). This can be achieved through collaboration in a SC environment whilst 
following van Garderen’s (2004) steps. Suggested by Dunston and Tyminski (2013) 
and Ruchti and Bennett (2013) and in line with SC ideas, grouping students who have 
represented a problem differently and encouraging them to talk about the differences is 
seemingly a useful strategy, leading to collaborative expansion of their understanding. 
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Reinforcing this, Siemon et al. (2011) suggested that exposure to multiple 
representations restricts misunderstandings caused by limitations inherent in specific 
models. All of the above methods can be used in a SC setting and all introduce learners 
to multiple representations of data, whilst enhancing knowledge of literacy in 
mathematics. Notably, although visual representations can be useful in problem 
solving (Burns, 2007), they should only be used when relevant and helpful 
(Zevenbergen, 2005) and need to be detailed and accurate to effectively represent a 
problem or solution (Terwel et al., 2009). 
Extending the notion of the benefits of writing in learning (Vygotsky, 
1936/trans. 1997; see Section 2.2.6), generating representations is part of writing. 
The fact that representations can be planned and modified, with thought given to the 
multiple ways of representing mathematical ideas and to readers’ understanding of 
the ideas presented, means that the process of generating representations has the 
potential to encourage thinking and development.  
Reliant on literacy practices from the FRM, increased awareness of a wider 
range of representations benefits teachers by giving them a deeper understanding of 
concepts, a greater faculty to exercise choices with respect to their explanations, and 
increased ability to present deep learning experiences in understandable formats. 
This is in accordance with educators’ views that weak knowledge of representations 
may affect teachers’ ability to teach (e.g., S. Norton, 2010; Zevenbergen, 2005). 
Importantly, simultaneous use of multiple representations can aid learners to form 
links between different representations and ideas (Bossé & Faulconer, 2008), whilst 
enhancing their literacy in mathematics. 
6.6.2 Electronic text  
Together with varied resources, incorporation of electronic texts is important in 
contemporary literacy programs (Freebody & Luke, 2003; Rasinski & Padak, 2004), 
exposing learners to diverse literacy practices. This view is resonated in the 
Australian Curriculum Mathematics, which emphasises the importance of students 
developing competencies to use digital text (ACARA, 2015c). Electronic text 
includes moving images, videos, audios, and web links, examples included in 
Sessions 1 and 2 (e.g., tessellation activity). Unlike for prose, different elements of 
electronic text are often interpreted randomly not sequentially, and as mentioned by 
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Barton et al. (2002) for mathematical text, crucial information is sometimes in 
unexpected places. Images, which play a crucial role in such text, may be attached as 
links and may be interactive, self-correcting, dynamic, and 3D (O’Halloran, 2005), 
some applications allowing changes upon manipulation of variables (Yook-Kin 
Loong, 2011). One of the five communication modes, viewing of such multi-modal 
text is increasingly important and is a vital part of literacy today, relying on a broad 
range of literacy practices from the FRM, practices described by Serafini (2012). As 
stressed by Serafini (2012), contemporary citizens require the capabilities “to 
navigate, interpret, design and interrogate the written, visual and design elements of 
multi-modal text” (p. 152). 
Electronic text needs to be used in powerful ways to enhance the instruction of 
literacy in mathematics. This depends on well-planned use of such text, the purpose 
being to induct learners into cultural ways of handling contemporary text. 
Identification of contexts are needed that lead to stimulation of dialogue and writing, 
both seen as beneficial to learning (Section 2.2.6). At the end of Session 1 websites 
were used to enhance understanding of tessellations. Another example was the 
problem on the emergency trip to Auckland (Section 6.5.2), an activity that made use 
of text in which data was presented in tables and graphs. In such activities language 
is seen as a tool for doing things, for achieving cognitive, social, and other purposes. 
As described by Baguley et al. (2010) and evident in the study, collaborative use of 
such text offers the potential to enhance literacy competencies by encouraging 
learners to make contributions during the collaborative construction of knowledge. 
For instance, an example of code breaking practices, electronic text may require 
readers to aid each other to search and navigate around websites and scan for 
relevant information, in order to make meaning of the content. In addition to 
interpretation of electronic text, generation of electronic text is also important. This 
is evident in the Australian mathematics curriculum (ACARA, 2015a), which 
identifies the importance of digital technologies for the construction of data displays 
from Year 3 onwards. 
Computers are one of many contemporary technologies that can be used to 
enhance instruction of literacy in mathematics, both in terms of interpretation and 
generation of text. Evident in this study, computers offered advantages of representing 
information in attractive ways and linking learning to everyday applications. The 
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websites used in the study presented powerful ways of depicting mathematical ideas 
and relationships, and fostering learning and engagement, reinforcing O’Halloran’s 
(2005) statement that “computer technology extends the meaning potential of 
mathematics in the digitized medium” (p. 154). This points to the importance of 
enhancing teachers’ technological knowledge and technological pedagogical 
knowledge (knowledge of how technologies can be used to enhance learning) (Mishra 
& Koehler, 2006). Of importance, although potentially powerful learning tools, 
computers require careful use (Yook-Kin Loong, 2011).  
6.7 OVERVIEW OF THE CHAPTER 
A combination of the FRM and SC ideas aided the selection and nature of the 
learning activities, which entailed a broad spectrum of literacy practices. The 
collaborative learning environment meant that the participants’ difficulties were 
exposed and could be addressed with scaffolding from peers, hence allowing for 
construction of knowledge of literacy in mathematics.  
Analysis of the participants’ difficulties was guided by reference to the 
theoretical framework. In the first and second parts of the chapter, the participants’ 
difficulties with the code-breaking and meaning-making requirements of confusing 
word groups and modified words were investigated, leading to some understanding 
of the challenges that they pose to learners. Thereafter, the participants’ 
understanding of literacy in shape and transformation geometry was analysed and 
described revealing a sample of the participants’ challenges in these areas of 
mathematics. Finally, with emphasis on text using, use of multiple representations in 
solving of mathematical word problems, and more broadly in other mathematics 
teaching, was analysed and described. This revealed that the participants made 
limited use of diverse representations such as diagrams, tables, and graphs in their 
work. As discussed, this has the potential to impact on teacher efficacy, an important 
role of teachers being to scaffold the learning of mathematics, including the learning 
of language and representations in the subject, by representing mathematical ideas 
systematically and explicitly in different formats. 
Focusing on a broad range of literacy practices from the FRM in measurement 
and geometry, instructional activities, some of which have been described in the 
literature, were applied to scaffold the participants’ understanding. In line with SC 
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ideas the activities encouraged collaboration, engagement, and active learning. 
Requiring further empirical validation, evidence in the study suggested success with 
the activities in which: 
 Individual then collaborative use was made of four-square diagrams to 
scaffold the meaning of key terms (Section 6.2.3). The diagrams linked 
learning to prior knowledge and utilised multiple semiotic systems, 
exposing learners to a broad range of literacy practices. Misunderstandings 
were exposed and modified through use of oral and written language. 
 Bruner’s (2006a) three stages of representation were followed to actively 
and collaboratively construct understanding about shape, knowledge 
scaffolded by conversation between peers (Section 6.3; Figure 6.6). 
 Collaborative use was made of websites to answer questions about 
tessellations (Section 6.3.3), participants co-constructing answers to 
questions and reflecting to reinforce learning.  
 The participants collaborated to construct a concept map of transformation 
concepts (Section 6.4.1) using a set of cards depicting transformation 
ideas. They thereby linked and built on communal knowledge in a process 
in which a visual picture of transformation was constructed. This was 
followed by writing about transformation ideas. 
 Varied representations were used in the collaborative solving of 
mathematical word problems (Section 6.5; e.g., Figure 6.10), the aim of 
the activity being to scaffold knowledge of literacy practices, in particular 
text using practices in the FRM, whilst scaffolding problem solving 
abilities.   
 Questions about an emergency trip to Auckland were collaboratively 
answered, the activity exposing learners to a range of literacy practices 
from the FRM (Section 6.5.2; Figure 6.10), including practices particular 
to electronic text.  
The next chapter focuses on a review of the teaching and learning in the 
learning sessions, including discussion about the contribution of the theoretical 
framework to the study, based largely on the participants’ reflections.
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Chapter 7: Results, Discussion, and Analysis –
Reflections on Learning 
As a first step towards answering the research questions, Chapters 5 and 6 
included discussion and analysis of the study results. Focusing on the four 
dimensions of the four resources model (FRM) in a social constructivist (SC) 
environment, discussion centred on the participants’ competence with literacy in 
mathematics, and on instructional strategies that have the potential to scaffold 
learning in this area of mathematics.  
Reflecting on learning, such as on worthwhile activities, possible 
improvements, and difficulties was encouraged in the learning sessions. In 
accordance with SC ideas, reflection on learning has the potential to enhance 
teaching and learning (Bruner, 2006b; Section 3.2.3), aiding learners to make 
calculated decisions about their teaching (Bruner, 1986, 2006b). This is based on the 
belief that individuals are “committed to improving their own performance, willing 
to assume responsibility for their professional growth, and able to learn” (Osterman 
& Kottkamp, 2004, p. 75). Encouraging participants to express their views was seen 
as a step towards ceding some control to them through encouraging them to think 
about and refine their learning and practice (Ferraro, 2000), thereby promoting 
participation and learning. Resonating ideas from Chamberlin (2009) and Frid and 
Sparrow (2009) each learning session concluded with a reflection (Appendix J), 
reflections followed the after-session readings, and the participants’ reflected about 
their learning experiences in a final reflection questionnaire after their teaching 
practice (Appendix L).  
Herewith follows a review of the learning in the learning sessions, based 
largely on the participants’ reflections, data coded as RL for reflective learning in the 
thematic analysis (see Figure 4.1). The discussion focuses mainly on the 
contributions of the theoretical framework to the learning and on the participants’ 
views of the pedagogies used. Also included is an overview of one participant’s 
journey through the learning sessions. The chapter ends with a brief review of 
difficulties related to the learning and possible improvements to the learning 
program. Advocated by Drew et al. (2008), much of the evidence is presented as 
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direct quotes from the participants’ reflections, a way of assisting readers to ascertain 
the authenticity of the researcher’s interpretations. Tables are used to present the data 
in order to assist triangulation and interpretation. The discussion that follows is 
further extended in Chapter 8 in answer to the first research question.  
7.1 CONTRIBUTIONS OF THE FOUR RESOURCES MODEL (FRM) TO 
KNOWLEDGE CONSTRUCTION  
Table 7.1 
A Sample of Participants’ Comments, Mainly from the Final Reflection, About Use of the FRM to 
Underpin Teaching and Learning of Literacy in Mathematics  
Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
I found it [the 
FRM] helpful 
in 
understanding 
literacy in 
mathematics. I 
must admit it 
took me awhile 
[sic] to 
understand the 
different 
sections, but I 
liked the way it 
seemed to 
connect to the 
different areas. 
(Verna, final 
reflection)  
Olivia found 
the FRM 
difficult but 
was able to 
summarise 
three of the four 
dimensions. See 
excerpt in text. 
(Olivia, final 
reflection)   
I’ve seen this [the FRM] before 
somewhere, and it resonates 
from my understandings of 
English language learning. I’ve 
also heard it mentioned at 
school, by teachers, so it’s been 
useful to be familiar with it. 
(Appendix L, Question 2 
answer, Douglas, final 
reflection)  
[The given steps in the FRM] 
makes it easier to decode graph 
[sic]. Makes me stop to 
determine reasons behind the 
data → will make students more 
critical of information. Will 
make me check that students 
understand what is presented to 
them. To be aware of bias  
– scale 
– targets 
– source 
– number of people offering 
responses 
(Appendix M, Sample 2b; 
Marie, Session 3 reflection) 
[The FRM is a] good model to 
ensure subject matter is covered 
correctly & to its fullest 
potential. (Silvia, Session 3 
reflection) 
Others referred to the model as 
being useful for developing 
students’ understanding with 
reference to code breaking, 
meaning making, and critical 
analysis. (e.g., Betty, Session 3 
reflection) 
Yes this [the FRM] gave 
me a logical sequence to 
break down and 
understand/identify 
questions and analyse them 
more critically. (Helen, 
final reflection)  
Its [sic] a powerful 
resource, which i [sic] will 
endeavour to gain a more 
clear understanding of in 
my own teaching! 
(Hayden, final reflection)  
The session improved my 
understanding of literacy 
and its place in the maths 
classroom – particularly 
the activity where the 4 
resources model was 
linked to maths Q’s 
(Appendix M, Sample 2a, 
Sally, Session 1 reflection)  
I will be more receptive to 
misconceptions and give 
my students the best foot 
forward by making them 
aware of the four resources 
model heuristic. Being 
aware and critically 
thinking about the syntax, 
semantics, purpose of text 
and analysing text. (Helen, 
final reflection)  
I could probably spend 
more time understanding 
the resources model. (Wen, 
Session 3 reflection) 
The four resources model 
was also very helpful in 
allowing us to develop 
our understandings. 
(Michelle, final 
reflection)  
Because the model was 
new to me I felt I needed 
more time to be able to 
understand what it meant 
to be able to appreciate 
how helpful it can be. In 
saying that I definitely 
see the value in it and 
how helpful it can be in 
aiding my teaching 
practice and making sure 
I cover all facets of 
maths concepts with the 
students. (Casey, final 
reflection)  
I did find the four 
resources model useful 
but I still think more 
exposure to it and more 
sessions learning about 
its potential uses in the 
classroom would be 
beneficial. (Casey, 
member checking)  
I won’t be likely to refer 
to that particular model 
in the future but it did 
help me to understand 
the demands of literacy 
in mathematics during 
the sessions. (Kim, final 
reflection)  
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Evident in their reflection comments (Tables 5.2, 7.1), the participants 
expressed positive views about numerous benefits of the FRM in the learning 
program. They underscored the value of the model for guiding the focus on four 
separate dimensions of literacy in mathematics (Table 5.2, see Casey; Table 7.1, see 
Helen, Casey; Appendix M, Sample 2b, Marie), and thereby broadening 
understanding (Table 7.1, see Marie, Kim). They observed that the model could 
encourage the development of critical thinking (Olivia, below; Table 7.1, see Marie, 
Helen). Sally and others commented positively about the use of the heuristics based 
on the FRM (Appendix A, D), designed to enhance the solving of mathematical word 
problems and the generation and interpretation of text and representations (Section 
5.2.3; e.g., Tables 5.2, 7.1). Olivia (see below) and Verna observed the benefits of 
the model for linking mathematics to other subject areas. Several reflections also 
suggested that the FRM enhanced the participants’ understanding of the importance 
of literacy in mathematics as a foundation for the teaching and learning of 
mathematics, and of the role of the FRM as a guide for implementing literacy 
instruction in lessons (e.g., Table 7.1, see Casey, Sally; Olivia, below; Appendix M, 
Samples 2a and 2b, Sally and Marie).  
However, as common in case study approach it is necessary to seek out 
differing perspectives (Stake, 1995). Presenting evidence to refute total success of 
the application of the FRM, some participants suggested that they needed more 
exposure to the FRM, which they had not completely mastered (e.g., Wen, Casey). 
Casey commented both in her final learning session reflection and in an excerpt from 
her member checking (Table 7.1, Group D, comments 2 and 3 respectively) that she 
would have benefitted from more exposure to the model. In part of Question 2 in the 
final reflection, the participants were asked whether use of the FRM had helped them 
to understand the demands of literacy in mathematics. In 2012 Olivia responded:  
I found the FRM difficult because they all [the four families of literacy 
practices] seemed to overlap too much for me. I like the concept of looking 
at mathematics like literacy (didn’t get that model in English either really). I 
get that we need students to be able to:  
 recognise and understand the words and symbols 
 interpret their meaning in context of the whole question/problem 
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 critically analyse the meaning and accuracy of data (appreciate that 
data can be represented using distracted “tricks” such as in 
advertising). (Appendix L, Sample a, Olivia, final reflection)   
Although Olivia lacked full confidence in her use of the FRM, she showed 
understanding of the key areas of literacy learning in the model, except text using.  
Although their ability to use the model in their teaching was not a key focus 
of the study, Hayden stated in her final learning session reflection that she would 
endeavour to develop a broader understanding of the model. Kim’s answer suggested 
that the FRM had given her an understanding of literacy in mathematics, although 
she stated that she was unlikely to use the model whilst teaching. The researcher 
agrees that ideally more time was needed to scaffold the participants’ understanding 
and application of the model with some participants better able to apply the FRM 
than others. 
7.2 CONTRIBUTIONS OF SOCIAL CONSTRUCTIVIST (SC) LEARNING 
THEORIES TO KNOWLEDGE CONSTRUCTION 
In parallel with the FRM, SC ideas including collaboration, scaffolding of 
learning, and reflecting on learning, and the construction of concept maps, were used 
to guide the teaching and learning. Participants’ reflections about use of the SC 
approach in the learning program are included (Table 7.2).  
In line with Vygotsky’s (1978) notions of intrapersonal and interpersonal 
activities, the collaborative activities, often preceded by individual work, added value 
to the teaching and learning. Silvia, Michelle, and Kim elucidated the virtues of 
individual thinking to identify strengths and weaknesses prior to collaborating to 
share and extend ideas (Table 7.2). Betty and Casey suggested that the method would 
aid learning and several participants stated that they would use the method in their 
teaching (e.g., Table 7.2, Betty, Casey, Michelle). Many participants internalised 
how pedagogical strategies underpinned by SC ideas could be used to enhance 
learning of literacy in mathematics, suggesting growing understanding of a 
theoretical base that could influence their teaching. Molly, Verna, and Michelle 
commented positively about learning in small groups, reinforced by Douglas’ 
Session 2 reflection, in which he stated that it is “nice to hear other people’s opinions 
and combined knowledge is wider than individual [sic]” (Table 7.2). The 
collaborative activities were highly rated by the participants, the majority giving 
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them the highest rating on a five-point scale. In Session 1, the collaborative activities 
on the categorisation of shape and on tessellations were rated most highly of all 
activities in the learning session. The included comments (Table 7.2) refer to the 
matching card activities and concept mapping activities as useful, for showing a 
broad picture and exposing areas of confusion. Michelle referred to the collaborative 
card matching activities which allowed her to address her “ideas about words and 
concepts”. Pamela stated: “I really like the card activities – nutting it out & having to 
explain it to others”. Other positive comments about the learning are included 
(Appendix R) but those in Table 7.2 refer more directly to teaching and learning 
guided by SC ideas. 
Table 7.2 
A Sample of Participants’ Comments about SC Activities in the Learning Sessions 
Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
 I like the way the 
activities make you think 
for yourself first then 
discussed at the end, it 
allows the grey matter to 
work for itself then get 
the information that you 
need to correct yourself 
and improve. Highlights 
my strengths and also my 
weaknesses. (Silvia, 
Session 2 reflection)  
[Referring to the 
individual followed by 
collaborative activities] I 
think this method helped 
me remember things 
more. I remember where 
I went wrong and the 
correct way to do things. 
I think I will use this 
method in my teaching 
of maths [sic] if it helps 
me it should help my 
students. (Betty, Session 
2 reflection) 
[Referring to the 
individual followed by 
collaborative activities] 
This was effective in 
re-iterating 
understanding and 
clarifying errors. 
(Sally, Session 2 
reflection) 
 
[Referring to the individual 
followed by collaborative 
activities] Very good. 
[Doing it] by yourself first 
and then in a group allowed 
you to discuss and develop 
ideas that you may not 
understand, and will be good 
in class. (Michelle, Session 2 
reflection) 
[Referring to the individual 
followed by collaborative 
activities] Good to identify 
areas in need of further 
learning, getting others’ 
perspectives is also a 
benefit, better than just 
getting told what to do, can 
implement this easily in a 
classroom. (Kim, Session 2 
reflection) 
[Referring to the individual 
followed by collaborative 
activities] Allows you to 
share ideas and helps you 
remember things you may 
forget. Encourages self 
reflection. Would use this in 
the class in ability group 
settings. (Casey, Session 2 
reflection) 
  
 276 Literacy in mathematics in preservice education 
Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
I found it interesting 
sharing opinions in a 
group setting about the 
misconceptions that we 
had … (Verna, final 
reflection)   
I liked the atmosphere 
when learning this. It 
felt comfortable to share 
what I knew and learn 
new things. (Verna, 
final reflection)  
I did also like being able 
to categorise the 2D and 
3D shapes and look at 
them on a computer. 
(Verna, final reflection)  
Great to work in small 
groups. Nice to hear 
other people’s opinions 
and combined 
knowledge is wider than 
individual [sic]. 
(Douglas, Session 2 
reflection) 
 
Loved this [tessellation 
activities, Session 1]. 
With ICT hopefully 
schools can embrace 
laptops and ipads so that 
the internet can assist 
learning. (Silvia Session 
1 reflection)  
 
Found this very useful 
[tessellation activities, 
Session 1]. The 
websites are kid friendly 
… (Betty Session 1 
reflection)  
 
The concept maps were 
good, as were the card 
games – which, in 
particular, quickly 
highlight areas of 
confidence and 
confusion. (Appendix L, 
Question 2 answer, 
Douglas, final 
reflection)  
Working with others 
gives a different 
perspective. (Marie, 
Session 2 reflection) 
Good to learn in an 
environment where it 
isnt [sic] graded. 
Everybody encouraged 
to speak & small 
groups. (Molly, Session 
3 reflection)  
I found activities that 
categorise things good. I 
was able to gather a 
broader picture of the 
learning intent. (Helen, 
final reflection) 
[Collaborative activities 
using websites, books 
and manipulatives] 
Fantastic tool, draws out 
deeper understanding of 
concepts. Engaging. 
(Hayden, Session 1 
reflection) 
[Collaborative activities 
using websites, books 
and manipulatives] This 
was very helpful the 
websites were amazing 
– understanding when 
explaining pictures are 
[sic] so important. 
(Helen, Session 1 
reflection) 
[Collaborative activities 
using websites are] 
effective in learning 
activities (Appendix M, 
Sample 2a, Sally, 
Session 1 reflection)  
I really like the card 
activities – nutting it out 
& having to explain it to 
others. (Pamela, Session 
2 reflection)  
Collaborative activities 
definitely helped to 
reinforce our learning. 
(Pamela, Session 2 
reflection)  
I definitely found the 
hands on, small group 
activities with other 
students to be most 
helpful. (Michelle, 
member checking)  
[Collaborative activities 
using websites, books 
and manipulatives is a] 
great interactive way for 
students to take control 
of their own learning. 
(Kim, Session 1 
reflection)  
I thought the card 
matching activities were 
a really good idea, since 
it let us address our 
ideas about words and 
concepts, and then 
understand what the 
meaning was. 
(Michelle, final 
reflection)  
I thought the use of a 
purple pen first, and 
then writing in the 
correct answer with blue 
pens was very helpful 
too, as it allowed us to 
explore our own 
understandings, and 
then utilise the correct 
understanding. 
(Michelle, final 
reflection) 
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Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
Completing a concept 
map allowed me to 
reflect & process new 
information as well as 
gain a more explicit 
understanding of my 
existing knowledge & 
knowledge gaps. 
(Taylor, Session 2 
reflection) 
Concept mapping is 
helpful in teaching and 
learning mathematics 
literacy because you can 
connect ideas, and 
visually you can see a 
clear link between 
various terms and ideas. 
(Verna, Session 2 
reflection) 
Verna used concept 
maps in the teaching of 
transformations in her 
teaching practice. 
(Verna, final reflection)  
I find it difficult to 
produce [concept maps] 
but find helpful if 
someone else did one to 
explain; I’d be able to 
follow it. (Olivia, 
Session 2 reflection) 
[On concept mapping] 
Gives an overview of 
what has been discussed. 
Allows connections to 
be made. Easier to 
understand at a glimpse. 
(Marie, Session 1 
reflection) 
[Concept maps] Really 
illustrates the topic and 
the strands. Useful for 
classifications. (Betty, 
Session 1 reflection)  
[Concept maps allowed] 
connections to be made. 
(Marie, Session 1 
reflection)  
Not sure if I really 
appreciated the concept 
map [on shape]. Would 
have like [sic] more 
explanation. (Silvia, 
Session 1 reflection)  
[Concept map on shape] 
Too hard! (Douglas, 
Session 1 reflection) 
I liked the mind 
mapping exercises 
where we put the 
different words in 
groups. It really opened 
up thinking and 
discussion around maths 
and links between 
different groups. (Molly, 
final reflection)  
[Concept maps are a] 
very effective method 
for explaining methods 
or concepts – 
particularly for visual 
learners. (Appendix M, 
Sample 2a; Sally, 
Session 1 reflection)  
[Concept maps useful in 
terms of] …seeing its 
relation to the big 
picture. (Pamela, 
Session 1 reflection) 
[Concept maps are a] 
great way to organise an 
idea. (Sunita, Session 1 
reflection) 
[Concept maps are a] 
fantastic tool, draws out 
connections. (Hayden, 
Session 1 reflection) 
[On concept mapping] 
Will use in teaching but 
will probably complete 
as a class. More 
scaffolding to ensure 
correct answers. (Casey, 
Session 1 reflection) 
[Concept mapping is] 
useful to get an idea of 
what students 
understand and what 
areas the students need 
more information in. 
(Kim, Session 1 
reflection) 
Concept mapping was 
vague when not given 
much info before hand 
[sic]. A lot has been 
forgotten since primary 
school, [therefore more 
scaffolding was needed 
for the construction of 
concept maps]. (Toni, 
Session 1 reflection) 
 
Also documented in the researcher’s field notes, the collaborative activities 
preceded by individual thinking enhanced the teaching and learning. They led to 
active construction of knowledge in lively verbal discourses in which mathematical 
ideas were shared (e.g., Sections 6.2; 6.4.1), and the participants were exposed to 
multi-methods (e.g., Section 6.5), much of which was evident on the audios (e.g., 
audios of the probability card activity). In such activities the participants engaged in 
building knowledge of literacy in mathematics in situations in which group 
knowledge was shared, leading to enhancement of individual knowledge. For 
instance, the participants engaged well with the activity in which the media graphs 
were analysed (Section 5.2.3; Figure 5.8), collaboratively building deep 
understanding of the text and particularly enjoying the focus on critical analysis. The 
engaging nature of the activity was verified by Douglas who chose to use and 
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commented on the success of a similar activity in his teaching practice (Appendix L, 
Question 5 answer).  
As suggested by Vygotskiĭ et al. (1997), many activities were completed 
independently from the researcher who played the role as a mediator of learning by 
designing an appropriate learning environment, guiding learning, encouraging 
learners to construct understanding, and monitoring their progress. This was evident 
in numerous comments in which the participants referred positively to activities that 
encouraged them to control their own learning (e.g., Kim, Table 7.2), the benefits of 
which are echoed in Frid and Sparrow (2009). This is an important message for 
preservice educators in terms of presenting effective instruction based on SC ideas, 
in which learning occurs when learners build knowledge for themselves. Examples 
of such activities included the tessellation activity at the end of Session 1 (Section 
6.3.3), which relied on collaboration between peers and use of websites and 
dictionaries, and encouraged the participants to explore and modify their own 
understandings. Referring to the activity, Kim from Group D, emphasised her 
preference for interactive ways in which she could learn independently (Table 7.2). 
In their Session 1 reflections, other participants too expressed positive views about 
independent learning in the activity:  
Douglas: Very useful. Have a go, then correct it. Good for kids too – allows 
them to try and get it wrong without embarrassment.  
Pamela: … making my mistakes and then seeing the correct answer to really 
improve on my answer.... Visuals are a great help.  
Michelle: Allows students to scaffold and find out answers for themselves. I 
will do this as a teacher rather than explaining it all myself.  
Cynthia added that such activities “Increased depth of understanding”. 
Michelle’s positive comment about the use of a purple then blue pen also 
disclosed her preference for controlling her own learning by allowing her to explore 
then correct her understandings (Table 7.2, Group D). The activities that encouraged 
independent learning were influenced by SC ideas. Evident through the different 
colours in the participants’ work samples (e.g., Appendix M, Samples 4, 5), 
variations in the lower limits of individuals’ ZPDs were exposed, an understanding 
of which is needed in terms of preparing activities and providing effective 
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scaffolding to all students. The activities proved valuable to the researcher and the 
participants for exposing gaps of knowledge and potential development in their 
ZPDs. That is, they exposed potential development in the zone in which a learner is 
unable to perform a task unaided, but is able to perform the task with scaffolding 
from others (Vygotsky, 1978, p. 86).  
Closely linked to instruction that follows SC ideas, concept mapping added 
value to the learning. The strategy mirrored SC ideas, encouraging assimilation of 
new knowledge into existing frameworks, as advocated by many educators (e.g., 
Bruner, 2006a; Vygotskiĭ et al., 1997). Concept mapping is advocated by many 
educators as a useful instructional strategy, its values expounded in Section 3.2.4. In 
this study, Pamela for instance noted that concept mapping exposed the big picture of 
learning (Table 7.2), unlike coverage of small sections, common in some teaching. 
Evident in the sessions (see Section 6.3, 6.4) and described by educators (e.g., Novak 
& Cañas, 2008; Vanides et al., 2005), the participants recounted advantages of using 
concept mapping in the learning program (see Table 7.2). These included enabling a 
breakdown of the content into categories (Betty, Molly), illustrating the content in a 
visual way (Verna, Sally), showing links between a multitude of terms and ideas 
(Verna, Marie, Hayden), and identifying prior knowledge and gaps in knowledge 
(Taylor, Kim). In her Session 2 reflection Taylor stated: “Completing a concept map 
allowed me to reflect and process new information as well as gain a more explicit 
understanding of my existing knowledge and knowledge gaps”. The concept maps on 
shape exposed gaps in knowledge, which could subsequently be addressed, and the 
concept maps on literacy in mathematics demonstrated expanding understanding of 
the wide range of literacy practices throughout the learning sessions (e.g., Appendix 
M, Sample 8). Concept mapping aided learning in the transformation activity, 
followed by Verna’s use of the idea in her teaching practice (Appendix R).  
The participants’ comments relating to construction of concept maps were 
however varied. Olivia’s, Silvia’s, and Douglas’ comments reflected a lack of 
confidence with construction of a concept map of shape (Table 7.2). Olivia stated her 
preference for a concept map provided by the researcher to aid her understanding, an 
idea previously suggested by Novak and Cañas (2008). Casey suggested that she 
would complete concept maps as a class activity in her teaching to ensure the 
necessary scaffolding. Douglas, referring to the concept map on shape (Section 
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6.3.2), stated in his final reflection “I’m very rusty on shapes and how they relate” 
(Appendix L, Question 2). Douglas’ and Toni’s comments (Appendix L, Question 2; 
Table 7.2 respectively) identify one reason for the participants’ difficulties. Although 
concept mapping can activate prior knowledge (Novak & Cañas, 2008), it depends 
on prior knowledge and knowledge of the links between concepts (Orlofsky, 2001), 
meaning that to ensure successful knowledge construction, identification and 
scaffolding of prior knowledge may be needed.  
7.3 PARTICIPANT DOUGLAS’ LEARNING EXPERIENCES 
In addition to constructing understanding of a case through aggregation of data, 
understanding can often be gleaned by looking at a small part of a case (Stake, 1995), 
such as focusing on an individual participant. Providing a more connected and 
longitudinal view of part of the case, Douglas’ journey through the study provides 
one such example, evidence of which can be found in his work samples, reflections, 
and audio recordings (e.g., Appendix L). Due to the fact that Douglas had been 
working for many years as an engineer in England, he had often not learnt or 
forgotten key elements of contemporary literacy practices in mathematics. As 
discussed in the preceding two chapters he experienced challenges with unfamiliar 
graph-types such as stem-and-leaf and box plots, his limited knowledge of the 
underlying codes impeding his ability to interpret such graphs. He experienced 
challenges with the appropriate use of line graphs and with generating varied graph-
types. His lack of prior knowledge of the technical terms and concepts of shape 
meant that constructing a concept map of shape and describing an isosceles 
trapezium posed challenges. Further, he experienced challenges with the effective 
use of mathematical codes, making limited use of the geometric symbols, and he 
suggested that at least some use should be made of non-metric units in Australian 
classrooms. In other instances, conceptual understanding impeded his ability to 
express mathematical ideas, for instance shown in his description of a regular 
polygon as a 2D shape where all the sides are equal, therefore all the angles are 
equal. However, evident in his final reflection (Appendix L, Douglas), he identified 
his “areas of confidence and confusion” (answer for question 2) and was overall 
positive about his learning experiences based on the FRM in a SC setting, in terms of 
aiding him to construct knowledge in topics in which he was unfamiliar. For instance 
he commented positively on the value of the small group activities, activities in 
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which he could learn independently of the researcher, and activities that made 
possible the introduction of critical thinking into mathematics lessons. Also evident 
in his final reflection, he noted his increased awareness of the literacy demands of 
mathematics and expanded understanding of what children had to learn, followed by 
his incorporation of a focus on literacy in mathematics in his teaching practice. 
All participants had their own stories to contribute to the understanding of the 
case, all unique and dependent on their social and cultural background and 
experiences, some more interesting than others. Unfortunately space limits the 
possibility of telling more of these stories. However, of interest, a number of other 
participants’ stories had some parallels with Douglas’ story. Olivia and Silvia had 
also completed their schooling many years before the study. Content forgotten or 
never covered appeared to be a large contributor to difficulties experienced by these 
participants with literacy in mathematics, and by Hettie in 2012 and Marie in 2013. 
However, all these participants were enthusiastic about the learning opportunities, 
and positive about what they had learnt. Looking more broadly at evidence from the 
study, preservice teachers’ difficulties with literacy in mathematics such as the 
literacy demands of graphs, may apply to students of any age groups, reinforced by 
Sunita’s and Molly’s reflection comments (end of Section 5.2.1). This suggests the 
potential benefits of learning that has some focus on literacy in mathematics for 
preservice teachers. 
7.4 COMBINATION OF THE FRM IN A SC ENVIRONMENT 
Overall the theoretical framework consisting of the FRM and SC ideas 
contributed to effective instruction of literacy in mathematics in the learning 
program. For instance in the verbal discourse about the media graphs (Section 5.2.3), 
and the activity on a trip to Auckland (Section 6.5.2), the FRM directed attention to a 
wide spectrum of literacy practices. Collaboration by the participants in the SC 
environment enabled them to co-construct a deep understanding of the meaning of 
the texts. The activities on confusing word groups and modified words (Sections 6.1, 
6.2), entailed code-breaking and related meaning-making practices in the FRM in a 
process in which the participants scaffolded each other’s understanding to gradually 
build deeper meaning of the terms. In the activity on mathematical codes and 
conventions (Appendix N), focus was placed on order, layout, and positioning and 
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their related meanings in mathematics as outlined in the FRM, the participants 
collaborating, as per the SC approach, to build extended understanding.  
The value of the learning based on the chosen theoretical framework was 
reinforced by a raft of positive feedback from the participants (e.g., Olivia, Verna, 
Douglas, Casey in Appendix R) and their good attendance at the learning sessions 
although they had very busy schedules. It was further reinforced by the fact that a 
number of participants infused a focus on literacy in mathematics in their teaching 
practice (e.g., Verna, Douglas, Casey, Appendix R), suggesting that they had gained 
understanding of integrating literacy instructional activities into their teaching. Hettie 
noted that she often talked with a friend about what she had learnt in the sessions. 
This is evident in the audiotapes in which she more than once expressed appreciation 
of what she was learning. At the end of the sessions Casey suggested that the 
sessions should be made more widely available as they would benefit other 
preservice teachers. In an email after the last learning session in 2012, Olivia stated, 
“Thanks for everything Lorna, your work has been invaluable”. She and a friend 
Carol who had not initially been involved in the research, decided to concentrate on 
literacy in mathematics in their assignment during their teaching practice. Carol 
wrote in her final reflection that she set up a “rich linguistic classroom” in which she 
incorporated varied writing activities (e.g., writing the properties of shapes), sight 
word activities, reading a story about chance to introduce a mathematics lesson, and 
use of a word walls. She reflected “Thank you for your help during my prac, the 
resources and advices [sic] you sent me. I worked on a project, developing a rich 
linguistic classroom, and the literacy in maths was incorporated in this project”. 
Carol and other participants (e.g., Douglas, Helen) referred to the use of specific 
literacy learning strategies, similar to those used in the study, in their teaching 
practice, a first step towards building knowledge of a repertoire of such strategies for 
use in mathematics teaching. Indicative of higher levels of reflection in Ward and 
McCotter’s (2004) model, as did Carol’s reflection, many participants’ reflections 
showed evidence that they were considering their learning with reference to their 
teaching, so as to confront assumptions and consider what they may do differently to 
improve their practice (e.g., Table 7.2, Silvia, Betty, Kim; Appendix L, Olivia and 
Douglas; Appendix M, Sample 2a, Sally).  
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Some of the reflection statements suggested that the participants understood the 
link between the integration of literacy activities and enhanced understanding in 
mathematics (e.g., Table 7.2, Michelle, Hayden, Helen, Sally). Pointing to the 
importance of a focus on literacy in mathematics Casey noted, “I found those 
students with holes in their literacy learning - especially reading and comprehension, 
had to rely heavily on teacher instruction and their ability to remember the 
instructions to complete the work”. Such reflections, which are a common element of 
teaching and learning based on SC ideas, are stressed as important by Chamberlin 
(2009), the reflective process having the potential to improve teacher efficacy (J. 
Edwards & Huntley, 2014).   
The above are indications that, through their learning in the sessions, which 
was underpinned by the FRM and SC ideas, the participants had become more 
mindful of the importance of literacy in mathematics, and in some cases this had 
positively affected their practice. This was especially evident in Verna’s informative 
comments in her final reflection in which she described ways that she and her mentor 
teacher had implemented literacy strategies in mathematics in her teaching practice, 
with an inclusion of a focus on conceptual understanding. She detailed the 
importance of literacy in mathematics, and referred to specific literacy demands, 
linking them to the four dimensions of the FRM. She added “I greatly value the time 
I have spent in these lessons”, stating that she expected the learning sessions to 
impact greatly on her teaching. Noting enhanced understanding of the nature of 
literacy in mathematics as including different semiotic systems, she added: 
[The learning] has improved my understanding as well as the importance of 
not assuming but clearly, explicitly and comprehensively teaching concepts 
and language and how to approach and decode things, even not just words, 
or sentences, but graphs and diagrams as well. Particularly in being critically 
minded about things, for example how a graph is designed to persuade the 
reader, particularly ones located in newspapers and supported by an 
advertising company. (Verna, final reflection) 
Providing evidence to substantiate the success of the learning based on the 
FRM in a SC environment, other participants reflections:  
 suggested increased awareness of student difficulties with literacy in 
mathematics;  
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 linked their growing understanding of literacy in mathematics to their 
efficacy as mathematics’ teachers; and  
 referred to the difference between being literate and being literate in 
mathematics (Figure 7.1). 
Figure 7.1. Examples of participants’ comments to substantiate success of learning sessions. 
Importantly Verna’s, Douglas’ and Sally’s final reflections related the theory from 
the sessions to their practical experience, and referred to a transformation of practice 
(see Ward & McCotter, 2004). 
In terms of member checking (see excerpts Figure 7.2), three participants read 
and responded to the summarised research reports. Michelle, for instance, 
commented positively about the instruction guided by the SC approach, stating that 
she found the hands-on and small-group activities to be of value. Casey commented 
positively about use of the FRM, but also noted that she would have benefitted from 
more exposure to use of the model, resonating with other participants’ reflective 
comments (e.g., Wen, Table 7.1).   
Michelle: The attached summary accurately reflects my recollection of the lessons. I definitely found 
the hands on, small group activities with other students to be most helpful. (Member checking 
feedback) 
Casey: I read over your report and agree with what you have written. I did find the four resources 
model useful but I still think more exposure to it and more sessions learning about its potential uses in 
the classroom would be beneficial. (Member checking feedback) 
Figure 7.2. Member checking: Examples of participants’ comments on research report. 
Overall, based on the abovementioned data, it is the researcher’s belief that 
through the learning sessions, the preservice teachers had achieved an expanded 
understanding of literacy in mathematics, and knowledge of related teaching 
Douglas: [I have a] new appreciation of syntax and semantics – just how hard it is for a child to 
understand the theory when we confuse them with so many new words (which most adults use 
incorrectly!)  
I have a much heightened awareness of literacy in maths, and it’s modified my practice already. 
[He then elaborated on how he had focused on literacy in mathematics in his teaching by using 
resources similar to some used in the learning sessions.] (Appendix L, Answers to final reflection, 
Question 5)  
Sally: Improving my understanding of the meaning of literacy in mathematics has a large impact 
on my effectiveness as a maths teacher. (Appendix M, Sample 2a, Session 1 reflection)  
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strategies that can be used in the classroom, strategies based on collaborative, 
student-centred approaches. 
7.5 DIFFICULTIES AND POSSIBLE IMPROVEMENTS IN THE 
LEARNING PROGRAM 
The participants’ time constraints posed difficulties. Although keen to learn, 
limited time meant that not all content was thoroughly covered, time could not be 
spent on discussion of previous research, and a limited number of after-session 
readings were possible. In their reflections, the participants made a few suggestions 
of improvements to the learning sessions, the majority focusing on time (e.g., 
Appendix R, Molly and Kim). They suggested that the sessions needed to be 
extended time wise, with more frequent and shorter sessions, as a means of 
scaffolding their knowledge and bolstering their lacking confidence (see Table 7.3). 
The researcher acknowledges that such conditions would have benefitted learning. 
More time spent on graphing techniques, and on the use of the FRM heuristics, 
would have allowed for better coverage of these topics. However, this was 
impractical due to the participants’ time constraints, verified by Molly in her 
suggestion for improvements of the sessions, in her final reflection: “Perhaps more 
sessions although we were very time poor”. To encourage participation, the number 
of sessions was decreased from four or five in 2012 to three in 2013, and likely 
because of this change, substantially more students volunteered to participate in the 
study in 2013. After the teaching practice, lack of time and demanding assignment 
commitments meant that the last report-back learning session was abandoned in 
favour of an emailed reflection questionnaire in both 2012 and 2013.  
As with any teaching situation, it was difficult to pitch the instruction at the 
correct level such that it was challenging but achievable for all the learners, as 
inherent in Vygotsky’s (1978) theories about the ZPD. For some participants there 
were at times indications that learning could have been pitched at a higher level, but 
for others more scaffolding was needed. For instance, in the series of shape activities, 
the researcher scaffolded the participants’ knowledge of shape with a collaborative 
activity in which they categorised actual shapes, followed by construction of concept 
maps on shape. Evidently more scaffolding of vocabulary and concepts was needed 
by participants such as Olivia and Douglas to enable them to construct the concept 
map, while others capably completed the task (Section 6.3.2). Complicating this 
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issue further, was the difficulty of aiming learning at all levels of primary education. 
Molly struggled to focus on the level of mathematics in the sessions since she was 
preparing to teach foundation mathematics in her teaching practice. However, 
primary teachers teach at any level of primary school and need to take cognisance of 
the continuum of learning as children progress through the levels. Part of pedagogical 
content knowledge, they require knowledge of how tasks and resources for one level 
can be adapted for different levels or for different student groups, for instance. 
Table 7.3 
A Sample of Participants’ Comments, Referring to Their Lack of Confidence with Mathematics 
Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
Hettie, Verna, and Olivia rated 
their mathematical ability as 
“needs ongoing learning”, 
“okay…not very good” and 
“average to below average” 
respectively. (Hettie, Verna, 
and Olivia, Session 1 
Background information 
questions) 
…because math is 
probably…the one – the one 
I’m most scared of. (Hettie, 
Session 3, audio) [Hettie also 
referred more than once in the 
audio to content that she had 
forgotten] 
It was all fascinating and I 
learnt I knew even less than I 
thought I did! (Appendix L, 
Sample a, Question 2 answer, 
Olivia, final reflection)  
They [the learning sessions] 
gave me confidence in 
approaching maths, something I 
was lacking prior to the 
sessions. (Hettie, final email)  
What was difficult about the 
activities was that sometimes I 
felt that I could not write down 
an answer (i.e., the difference 
between perimeter and area) 
because I felt that I would 
missing [sic] something out. 
(Verna, final reflection)   
It all appeared quite 
challenging to me, as I only 
vaguely recollect my 
primary maths (Appendix L, 
Sample b, Question 2 
answer, Douglas, final 
reflection)  
I’m very rusty on shapes and 
how they relate, for 
example, and parts of the 
graph work. In particular, 
there were some techniques 
which have been introduced 
since I went to school, so 
I’m completely unfamiliar 
with them. (Appendix L, 
Sample b, Question 2 
answer, Douglas, final 
reflection)  
As a former engineer, I 
should know the importance 
of using precise terminology 
to avoid confusion, but I’m 
as guilty as anyone a lot of 
the time. In the sessions I 
was struck as to the loose 
way I was using maths 
language, and also how 
much I’d forgotten of the 
basics. In professional life 
you tend to focus on a 
specific, narrow field, and 
don’t worry about how 
shapes are described! 
(Appendix L, Sample b, 
Question 1 answer, Douglas, 
final reflection)  
Sunita, Wen, and 
Helen rated their 
mathematical 
ability as 
“average/poor”, 
“poor/average”, 
and “fair-poor” 
respectively. 
(Sunita, Wen, and 
Helen, Session 1 
Background 
information 
questions) 
Maths is not my 
strong point and I 
found the sessions 
very helpful. 
(Molly, final 
reflection) 
It was difficult at 
times if I did not 
have an 
understanding of 
the appropriate 
mathematical 
language, and as a 
result this 
hindered my 
learning as I could 
not complete 
tasks accurately. 
(Sally, final 
reflection) 
Cynthia and 
Kim rated their 
mathematics 
ability as 
mediocre and 
medium to low 
respectively. 
(Cynthia and 
Kim, Session 1 
Background 
information 
questions) 
Toni 
commented that 
“a lot has been 
forgotten since 
primary school” 
therefore more 
scaffolding was 
needed for the 
construction of 
concept maps. 
(Toni, Session 1 
reflection) 
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An issue previously identified by educators (e.g., Zevenbergen, 2004), 
cognisance needed to be taken of some participants lacking confidence in 
mathematics (see Table 7.3), so as not to aggravate the situation. Helen suggested 
that the first three questions at the beginning of the first learning session hindered her 
learning by lowering her confidence, because they appeared to be trick questions. 
Verna, referred to the fear of being wrong hindering her learning, because of her 
misconceptions. However, suggesting an improvement of confidence during the 
learning sessions, in her final reflection Verna stated that she felt comfortable to 
share what she knew and learn new things. The participants’ lacking confidence was 
addressed by scaffolding their prior knowledge and taking cognisance of their 
individual needs, in order to align activities with their ZPDs.  
Reasons for differences in the participants’ ZPDs varied, stemming from 
misconceptions, content never learnt or forgotten, or participants’ lack of 
understanding of the importance of precise language use in mathematics. Evident in 
an audio and apparent in some of her answers, Hettie stated that she had forgotten 
much important mathematics content and that she reacted too quickly to questions 
without trying to first understand the question. Olivia’s difficulties included 
misconceptions, such as in her reference to 2D and 3D shapes as 1D and 2D 
respectively. Some differences in language use amongst the participants stemmed 
from their foreign origins. Douglas, who spent most of his life in Britain, used the 
words nought and breadth, not zero and width. Early in the sessions he argued for the 
use of some non-metric units, such as mile and inch in mathematics, because such 
words are still used around the world.  
The fact that the researcher retained the participants’ work until the end of the 
learning sessions, such that it could be used in subsequent sessions, was not ideal. A 
partial solution was to email copies of the learning materials and answers to the 
participants after each session. Besides serving as data for the study, there were 
benefits of the researcher withholding the participants’ work. As a way of reinforcing 
learning, after the series of sessions, a complete copy of their work was presented to 
each participant in a well organised portfolio, including individual feedback, 
answers, and a summary of activities from the learning sessions. As did the portfolios 
used by Frid and Sparrow (2003, 2004), this increased the potential of the learning in 
the program being recalled in the future, with positive impacts on teaching. This was 
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suggested by Olivia’s statement in her final reflection in answer to a question about 
how learning could be improved. She answered: “I would have got more out of it if I 
had been less tired but I am most grateful to have the literature, folder of questions 
and correct answers for reference” (Appendix L, Sample a Question 2 answer). 
Regarding the order of the learning sessions, the second and third sessions would 
have been better exchanged with the session on representations covered before the 
session on problem solving, the latter relying on knowledge of representations. In 
retrospect, perhaps more time could have been spent on activities that focused on text-
using practices, such as the emergency trip to Auckland in Session 2 (Section 6.5.2).  
7.6 OVERVIEW OF THE CHAPTER 
The focus of the chapter is a discussion of the application of the FRM 
underpinned by SC ideas in the learning program, based mainly on the learners’ 
reflections. Highlighted were mixed views about the application of the FRM (Section 
7.1). Amongst others, these included positive views from the participants about the 
FRM enhancing their understanding of the breadth of the literacy demands of 
mathematics by delineating the literacy practices into categories outlined by the 
model. However, some participants felt that they had not fully mastered 
understanding of the model. Views about learning based on the SC approach were 
generally positive, with collaborative activities highly rated. The participants’ 
comments elucidated the virtues of scaffolding conversations in which group 
knowledge was shared, and activities that encouraged group learning independent of 
the researcher. Reviews about the use of concept mapping tasks were varied with 
some participants needing further scaffolding in such tasks (Section 7.2).  
In order to complement and lend a sense of continuity to the description of the 
case study, participant Douglas’ journey through the learning sessions was detailed. 
This was followed by a discussion about the difficulties in the learning program, 
including the participants’ time constraints and diverse needs, and suggestions of 
possible improvements in terms of the order and content of the learning sessions.  
Based upon the study results and the relevant literature, the final chapter draws 
conclusions to the study.  
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Chapter 8: Conclusion 
Bringing together the key threads from the previous chapters, this chapter 
outlines the key findings of the study and provides responses to the research 
questions. The chapter includes a discussion of the significance and limitations of the 
study and possibilities for future research on literacy in mathematics. 
Initiating the study, the researcher’s experience in her role as an educator of 
preservice teachers suggested potential problems in the teaching and learning of 
mathematics, rooted in literacy in mathematics. This was supported by the literature 
review, which expounded the diverse and complex field of literacy in mathematics 
and pointed to the need for a focus on this area of mathematics. 
As suggested by Freebody and Luke (2003), teachers can be instrumental in 
improving learners’ access to literacy practices. Since much literacy in mathematics 
relies on mathematical knowledge, it is the mathematics teacher’s responsibility to 
address the related teaching and learning. This hinges on their knowledge of literacy 
in mathematics and of pedagogies that can be used to foster learning in this area of 
mathematics, elements of teachers’ content and pedagogical content knowledge.  
Hence, the study was undertaken focusing on literacy in mathematics, with the 
aim of addressing the three research questions: 
1. How can literacy practices in mathematics be fostered for primary 
preservice teachers through the four resources model (FRM) within a 
social constructivist (SC) framework? 
2. What were the preservice teachers’ initial knowledge and understanding of 
literacy in mathematics? 
3. What pedagogical strategies can be used in a program based on the four 
resources model (FRM) within a social constructivist (SC) framework to 
develop the participants’ knowledge of literacy in mathematics? 
Characteristic of case study approach, the study entailed exploration to aid 
understanding of a bounded case (Punch, 2006), in this case a program of learning 
for 23 participants focusing on literacy in mathematics. The contents of the learning 
program was aligned to the literacy practices outlined in the FRM, the learning 
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delivered in an environment modelled on the SC approach with priority placed on 
collaborative learning. Following the interpretivist paradigm, the aims of the study 
were to describe and analyse the program, investigate and detail the challenges that 
the participants faced with literacy in mathematics, and identify appropriate 
pedagogical strategies to enhance knowledge in this area of mathematics. As 
common in Stake’s (1995) case study approach, data were collected from multiple 
sources including work samples, observations, and reflections. Also typical of 
Stake’s (1995) case study approach, analysis of the data resulted in an expanded 
understanding of the case in particular relating to the research questions. Further, it 
led to other findings such as deeper understanding of what constitutes critical 
analysis in mathematics (see Section 8.3.3). 
8.1 KEY FINDINGS   
The key findings included a broadened understanding of: 
 literacy practices in mathematics, categorised according to the four 
categories of the FRM, and their relevance in the instruction of 
mathematics (see Section 2.2); 
 how a balanced program of instruction guided by the breadth of literacy 
practices outlined in the FRM and delivered in a SC setting, can be used to 
foster knowledge in the field of literacy in mathematics for primary 
preservice teachers, by providing guidelines for design and delivery of the 
teaching and learning (see Question 1 answer); 
 a selection of misunderstandings displayed by the group of preservice 
teachers aligned to the literacy practices in the FRM. This is particularly 
relevant because some of the difficulties corresponded to those previously 
described for children (see Question 2 answer);  
 pedagogical strategies including methods, activities, and resources, 
compatible with the theoretical framework, which can be used to scaffold 
instruction of literacy in mathematics (see Question 3 answer); and 
 factors that contribute to misrepresentations and bias in text containing 
mathematical content (see Section 8.3.3). 
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Figure 8.1. Pathway to enhancement of literacy instruction in preservice mathematics.  
Based on the thematic analysis of data, this study provides a model for literacy 
instruction in preservice mathematics (Figure 8.1). The FRM embedded in a SC 
approach to teaching and learning, presents a pathway for teaching literacy in the 
mathematics classroom, and the research presented in this thesis provides the 
rationale for its use. As illustrated, focus is required on a broad range of literacy 
practices in mathematics drawn from all four dimensions of the FRM, and use of all 
five communication modes. Examples of the necessary literacy practices are 
summarised in the model with a more comprehensive outline in Figure 3.1. For 
instance, code breaking incorporates consideration of symbols, order, position, 
layout, scales, keys, and spelling. Focus on the literacy practices is underpinned by 
SC ideas, which offer guidelines about the actual learning with an inclusion of 
collaborative learning, strategies for scaffolding learning, and reflective learning. 
The teaching and learning is delivered through a variety of pedagogical strategies 
discussed, all of which align with the described theoretical framework. The strategies 
focus on interpretation and generation of symbolic, visual, and verbal language, and 
combinations thereof. The program aids preservice teachers to build understanding of 
content and pedagogies relating to literacy in mathematics. The described pathway to 
Teaching and Learning of the literacy in 
mathematics based on the four resources model 
and social constructivist ideas
Code Breaking
in mathematics includes 
breaking the codes of the 
symbolic language, visual 
images, tables and prose. 
The codes include 
symbols, order, 
position, layout, 
scales, keys, 
and spelling
Teaching and learning 
guided by social 
constructivist ideas
•Collaborative Learning
•Scaffolding of learning
•Reflective Learning
•Concept mapping
Meaning Making
in mathematics includes 
participating to make 
meaning of the 
symbolic language, 
visual images, tables 
and prose (based on 
prior knowledge, 
key ideas, and 
inferences)
Text Using
in mathematics 
includes 
understanding of 
content, context, purpose, 
audience, significance, and 
implications of text with 
mathematical content, and 
knowledge of different 
text-types (all 
communication modes)
Text Analysing
in mathematics 
includes 
developing 
understanding of the 
factors that impact on 
the truth, fairness, and 
bias of text with 
mathematical 
content
Pedagogical Strategies:
• Analysis of media graphs (scaffolding steps 
and questions that involve reading the 
data, and reading between and beyond 
the data)
• Concept mapping followed by writing 
about the contents
• Four-square model diagrams and 
dictionaries
• Collaborative card activities 
• Use of websites to answer questions
• Analysis of potential errors related to 
literacy in mathematics
• Use of multiple representations of 
mathematical ideas in problem solving 
and for concept development
(activities that involve interpretation and 
generation of symbolic, visual, and verbal 
language and a combination of these)
• Content knowledge and
• Pedagogical content knowledge
for preservice teachers
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enhancing literacy instruction in preservice mathematics (Figure 8.1) has potential 
for use in all primary teacher education programs. These ideas are further elaborated 
in the answers to the research questions. 
8.2 SIGNIFICANCE OF THE STUDY 
The study analysed a program on literacy in mathematics in the preservice 
sector together with the preservice teachers’ knowledge of literacy in mathematics. 
Evidence in the study suggested that the researcher’s and participants’ knowledge of 
literacy in mathematics had been enhanced, potentially improving their learning, 
enhancing their efficacy as teachers and benefitting their future students’ learning. Of 
significance, the study led to the key findings and model proposed above. This is 
significant in terms the importance of fostering literacy practices in the learning of 
mathematics, a key element of mathematics instruction (see Chapters 1, 2). The close 
link between literacy practices and conceptual understanding in mathematics, as 
echoed in Vygotsky (1978) and evident in the study (e.g., Sections 6.1, 6.2), means 
that a focus on literacy in mathematics is particularly valid.  
In particular, the data and analysis in this study provided an understanding of 
how a program based on a framework consisting of the FRM and SC ideas (see 
Chapter 3), can be used to foster instruction of literacy in mathematics. Use of the 
program revealed challenges faced by the preservice teachers in the area of literacy 
in mathematics, making it possible to address the difficulties and adding to a body of 
knowledge on preservice teachers’ competencies with literacy in mathematics. The 
study also identified instructional strategies to enhance knowledge related to literacy 
in mathematics (Chapters 5, 6, 7). Although the effectiveness of the instructional 
strategies used needs further empirical validation, there was some evidence of their 
success in the learning sessions.  
Extending understanding of teachers’ difficulties with literacy in mathematics 
and of strategies that can be used to remediate such difficulties has the potential to 
enhance literacy competencies, hence the teaching and learning of mathematics. This 
is based on the premise that difficulties such as those experienced by the participants 
would negatively impact on their efficacy as mathematics teachers, if they for 
instance pass their misunderstandings on to the children. However, in order to make 
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generalisations possible, such that these data are of use to educators and curriculum 
planners, larger, robust studies of this nature are needed. 
Literacy in mathematics includes mastery of a variety of linguistic 
infrastructure, necessary for the clear and succinct communication of mathematical 
ideas. Such literacy is crucial in the study of mathematics, and a bridge to literacy in 
other learning areas and everyday life, an element of everyday literacy as depicted in 
Chapter 1 (Figure 1.1). Given the importance that world organisations, governments, 
and educators are placing on literacy, this research is significant, adding to the body 
of knowledge about literacy education, in particular about literacy in mathematics in 
the preservice sector. It contributes to both theory elaboration and implications for 
practice.  
Answers to each of the three research questions follow. 
8.3 RESPONDING TO THE RESEARCH QUESTIONS 
8.3.1 Research Question 1 
How can literacy practices in mathematics be fostered for primary preservice 
teachers through the four resources model (FRM) within a social constructivist 
(SC) framework?  
In contrast to traditional ways of teaching mathematics, with limited focus on 
literacy and limited time spent on collaborative activities, the instructional program 
in this study, guided by the FRM from literacy education (Freebody & Luke, 2003; 
Appendix A, D) and SC ideas, has the potential to aid construction of knowledge in 
the field of literacy in mathematics. The study identified ways in which the teaching 
and learning of literacy in mathematics could be fostered for primary preservice 
teachers.  
Fostering learning in the design and delivery phases 
In the design and delivery phases of the study, literacy practices were fostered 
with guidance from the theoretical framework.  
The FRM informed the facilitator’s understanding of the broad range of 
literacy practices across the varied semiotic systems in mathematics. To ensure a 
balanced literacy program, emphasis was placed on code breaking, meaning making, 
text using, and critical analysis, guided by the FRM heuristics (Appendix A, D; 
Freebody & Luke, 2003). This, together with collaborative construction of 
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knowledge through the use of all five communication modes and focus on 
interpretation and generation of symbols, visuals, and verbal descriptions, promoted 
broad literacy learning. It is through such broad literacy learning that learners’ 
attention is drawn to the breadth and complexities of literacy in mathematics and its 
importance in the teaching of mathematics, ideas which resonated in some of the 
participants’ reflection statements in Chapter 6. 
Amongst other examples, a broad range of literacy practices outlined in the 
FRM were considered in the activity on media graphs (Section 5.2.3), making 
possible an in-depth construction of meaning of the graph. The FRM was useful not 
only for interpretation but also for generation of text, as seen in the activity on airline 
passenger numbers (Section 5.2.4). In this case a focus on all four dimensions of the 
FRM presented understanding about how a clear and unbiased representation of data 
could be constructed. In many cases, such as the activity on the emergency trip to 
Auckland (Section 6.5.2; Figure 6.10), carefully chosen everyday text including 
electronic text, presented broad options for utilising all four families of literacy 
practices. The focus on text using and critical analysis for instance, may not have 
occurred in the absence of the model, an advantage of using the model as a tool to 
direct learning to a breadth of literacy practices. As previously discussed by Watson 
and Fitzallen (2010), focus on the critical-analysis practices exposed the learners to 
higher order thinking, collaboration with others revealing multiple perspectives. 
Notably, specific focus on particular dimensions of the FRM was also used to foster 
learning, the FRM providing guidance for delineating a chosen dimension into its 
component practices. For instance, some of the participants’ challenges with code-
breaking and related meaning-making practices surfaced due to a focus on these 
dimensions (Appendix N), meaning that gaps in understanding could be addressed. 
These are examples of ways in which the FRM can be used to guide and foster 
learning of literacy in mathematics.  
Evident in the participants’ reflections in the current study (Section 7.1), there 
were many positive comments about use of the FRM, several referring to a 
broadened understanding of literacy in mathematics and its importance in the 
teaching of mathematics. However a number of comments identified the participants’ 
lack of confidence with the model, suggesting that more exposure to the model was 
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needed if the preservice teachers were to gain mastery of the model for use in their 
teaching.    
The endeavour to enhance learning in the field of literacy in mathematics was 
well supported by SC ideas, a view resonating in Conrad and Stone (2015). Together, 
the framework consisting of the FRM and SC ideas aided construction of a broad 
range of literacy knowledge by informing the choice of tasks and tools, with an 
emphasis on collaborative learning and an inclusion of scaffolding and reflective 
practices. The learning environment was proactive, productive, interactive, dynamic, 
and encouraged multi-methods and the linking of ideas (see Section 3.2). The study 
participants and researcher expressed positive views about much of the learning with 
reference to learning from peers in small groups, engagement, active learning, 
inclusion of dialogue, sharing of multiple perspectives, and learning independent of 
the facilitator (Section 7.2). These are all manifestations of a SC environment, factors 
that have the potential to contribute to learning in a program based on SC ideas. 
The SC approach presented an appropriate environment for the construction of 
knowledge of literacy in mathematics. Resonating ideas from Vygotsky (1936/trans. 
1997), use of verbal and written discourse in the varied collaborative activities, 
including use of multiple representations of mathematical ideas, is linked to the 
development of conceptual understandings, through a process of enculturation into 
the mathematical discourse (e.g., Section 6.4). Collaboration assisted the 
construction of a broad spectrum of literacy knowledge outlined by the FRM, as 
illustrated by study examples (e.g., Sections 5.2.3, 6.4.1), and reinforced by the 
participants’ reflections (Section 7.2). Through collaboration in such an environment 
the learners scaffolded each other’s learning, their combined knowledge being 
greater than their individual knowledge. The learners constructed their opinions in a 
supportive environment in which all learners views were valued and individual 
difficulties with context were minimised because of the joint construction of 
meanings. This aligns with the commonplace contemporary views about the values 
of collaborative literacy learning (see Harris et al., 2006).  
Scaffolding of learning was achieved by following set steps (e.g., Meaney et 
al., 2009; van Garderen, 2004), by focusing on misunderstandings (Ryan & McCrae, 
2005), through scaffolding conversations (Ferguson & McDonough, 2010), and by 
linking learning (Bruner, 2006a), all of which fostered learning in the SC 
 296 Literacy in mathematics in preservice education 
environment, by aiding the delivery of the learning activities. Bruner’s (2006a) 
stages of representation were used to scaffold the participants’ knowledge of shape 
(Section 6.3), and other preservice teachers’ challenges were used to scaffold 
understanding of mathematical codes and conventions, an activity highly rated by the 
participants (Appendix N). Evidence suggested that scaffolding through dialogue and 
use of multiple representations in the transformation activity facilitated cognitive 
transformation (Section 6.4.1). In another example, the scaffolding conversation 
based on the FRM heuristic and used to scaffold participants’ understanding of the 
media graphs, led to an in-depth construction of the meaning of the graphs (Section 
5.2.3). Both were examples of dialogue, debate, and questioning being important 
elements of learning in the SC environment. Constructivist ideas of subjectivity were 
perhaps most useful in the statistics activities. As discussed in the study, individuals’ 
constructions of meaning may vary provided they are well justified, such 
constructions dependent on the individual’s previous experiences and world views 
together with their knowledge of graphs and contexts (e.g., Section 5.2.3). This 
contrasted with the precision and reproducibility of meaning in other activities (e.g., 
Section 6.2, Appendix N). As in Renne (2004), differences in learners’ thinking and 
immature ideas were revealed through the use of oral and written language in the SC 
setting (e.g., Sections 6.1, 6.2). Ideas could subsequently be organised and modified 
through participant interactions (Hunter, 2010; Vygotsky, 1936/trans. 1997), 
potentially leading to enhancement of conceptual understanding and improvement of 
language use. However, as suggested by Renne, orchestrating and monitoring 
conversations is easier in small groups than in large class situations.     
Also aligned with the SC approach, the study illustrated, with examples, ways 
in which learning was fostered through linking and extending ideas, important in 
terms of learners constructing a set of interrelated ideas. Examples included the use 
of four-square model diagrams, concept maps, and multiple representations to link 
ideas and expose learners to a broader range of literacy in mathematics (Sections 6.2, 
6.3, 6.5 respectively). A focus on prior knowledge is also a way of linking learning. 
Scaffolding prior knowledge was important in many activities in the sessions (e.g., 
Section 6.3), a means of fostering learning advocated by both the FRM and SC ideas. 
Further reinforcing, linking, and extending of ideas was achieved through 
reflective learning, which, as suggested by Bruner (2006a), aids learners to connect 
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learning to its application in the classroom. The reflection questions based on those 
used by Chamberlin (2009) encouraged the participants to recall the content and 
pedagogies in the sessions and link them to teaching practice (Sections 6.4, 7.2), 
viewed as a precursor to modifying practice (Bruner, 2006b). The reflections 
provided some understanding of the participants’ difficulties, useful to both the 
participants and the researcher in terms of addressing the difficulties (e.g., Sections 
5.2.1, 6.3.2). They provided valuable information for the researcher such as 
information about preferred activities (e.g., Section 6.3.3), adding to the body of 
knowledge on literacy in mathematics in preservice education. 
The theoretical framework enabled construction of a bridge to everyday 
literacy. For instance, the activity on an emergency trip to Auckland (Section 6.5.2; 
Figure 6.10) called attention to the importance of mathematical literacy in daily 
activities, exposure to the range of literacy practices in such activities helping 
learners’ to “better read their worlds” (Robertson & Hughes, 2011, p. 40). 
Notably however, the SC approach may be more effective in some teaching 
situations than in others. Most of the content of the learning sessions was at least 
partially familiar to the learners. As suggested by Alsup (2004), this may have 
improved the chances of success with SC methods. Also the groups were small 
meaning that they could be carefully monitored. Further, traditional type teaching led 
by the researcher, was used at times to scaffold the learning. 
Overview of the teaching and learning underpinned by the theoretical 
framework 
The framework based on the FRM and SC ideas provided a foundation for 
fostering the learners’ repertoire of literacy practices necessary for interpreting and 
generating text with mathematical content. The learning sessions made possible the 
identification of many challenges experienced by the preservice teachers relating to 
the literacy practices outlined by the FRM. This paved the way for identification and 
preliminary trialling of pedagogies aligned with the framework that focused on 
literacy in mathematics. Although larger and longer term studies are needed to fully 
test its effectiveness, the value of the learning program was underscored by the 
following:  
 text was analysed in depth with reference to the FRM (Section 5.2.3); 
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 the participants’ modified answers showed improvement (e.g., Section 6.1, 
6.2); 
 activities such as the collaborative transformation activity pointed to 
enhanced understanding (Section 6.4.1); 
 although their time was limited, the participants’ attendance at the learning 
sessions was very good, suggesting that they believed they were gaining 
benefit from the sessions; 
 reinforcing the researcher’s views, many of the participants’ reflections 
referred positively to the learning, some reflections referring to enhanced 
understanding of the literacy demands of mathematics (Section 7.2; e.g., 
Figure 7.1);  
 the participants’ reflections referred to application of pedagogies from the 
learning in their teaching, followed by instances in which this occurred in 
their teaching practice (Section 7.2); 
 the participants’ reflections referred to a growing awareness of their 
challenges with literacy in mathematics, and of the link between teachers’ 
enhanced knowledge of literacy in mathematics, teacher efficacy, and 
enhancement of their students’ learning (Section 7.2); and  
 the researcher’s knowledge of student difficulties and related pedagogies 
in the area of literacy in mathematics (as per the FRM and the SC 
approach) had been greatly enhanced. 
Ensuring effective implementation of a program of learning based on the 
four resources model in a social constructivist environment 
In order to maximise learning, a program such as that carried out in the current 
study requires cautious implementation. The success of the activities informed by the 
SC approach depends on conditions conducive to effective group work (Section 
3.2.5), such as the learners’ ability to communicate effectively (Ryve, 2004). In this 
study, factors such as the choice of tasks and choice and size of groups were 
considered. Few difficulties with the collaborative work surfaced, perhaps suggesting 
that such difficulties are more prevalent in school levels, or in different student 
cohorts. Although in general the group work appeared successful, rated highly by the 
researcher and participants (Section 7.2), there was evidence of some groups working 
more effectively than others and of some participants playing a limited role in 
collaborative activities (e.g., Section 6.3).  
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The nature of effective scaffolding is not always easy to determine, as evident 
in the activity on the concept mapping of shape (Sections 6.3; 7.2). Tasks may not 
always be within the learners’ ZPDs. In the concept mapping activity, formative 
assessment of prior knowledge before the activity would have enabled the researcher 
to scaffold the participants’ learning more effectively. 
Effective learning in a program such as that in this study relies on the facilitator 
refraining from providing answers too readily in learner-centred activities (Renne, 
2004), and listening carefully in order to identify immature language use, at times 
linked to immature thinking. As illustrated by Zazkis et al. (2009), effective 
scaffolding conversations depend on teachers extending dialogue and encouraging 
justification of ideas. There were instances in which the researcher overlooked 
teachable moments, thereby neglecting the opportunity to fully utilise the power of 
dialogue described by Hunter (2006, 2007) and Brown and Renshaw (2006), 
evidence exposed through transcription of the audios (e.g., Section 6.2).  
As in this study, there may appear to be a clash between the SC approach and 
time constraints. Lessons based on the SC approach, in which learners spend time 
communicating about, processing, and writing about content in the process of 
constructing knowledge of a topic, are time consuming. This was evident in 
examples described in the literature (e.g., Renne, 2004; Schifter, 2005) and in study 
examples, notably, in the transformation activity (Chapter 6). Although this may 
appear to be an impediment to the use of the SC approach, if deeper learning results, 
the approach is seemingly worthwhile. Also noted, if learners are to master the FRM 
for use in their own teaching, sufficient time is needed for deep processing of the 
model (Section 7.1). 
The participants’ challenges with literacy in mathematics, and pedagogical 
strategies (aligned to the theoretical framework) to foster their learning in this regard, 
are respectively discussed in answers to the following two questions.  
8.3.2 Research Question 2 
What were the preservice teachers’ initial knowledge and understanding of 
literacy in mathematics?   
The learning sessions guided by the FRM and SC ideas provided some insight 
into challenges that the preservice teachers experienced with literacy in mathematics, 
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reinforcing results from other studies (e.g., Section 2.3). Importantly, there were 
many examples of good literacy competencies but they were unimportant for 
answering the study questions. Of note was the range of difficulties that 23 
participants experienced, each only involved in learning for about 10 hours, their 
difficulties evident in work samples and audio recordings. The participants’ 
challenges were also acknowledged in their reflections, in comments on how much 
they had forgotten or had to learn, or statements of surprise at the differences 
between literacy in mathematics and everyday literacy (Table 7.3).   
The participants’ challenges spanned the different semiotic systems in 
mathematics and related to all four dimensions from the FRM, many being linked to 
challenges with conceptual understanding. Examples included their difficulties with 
code-breaking and related meaning-making practices, such as challenges when faced 
with the specific mathematical codes and conventions used in stem-and-leaf and box 
plots, and in other sections of mathematics (Section 5.2.1; Appendix N respectively). 
Also exposed by the SC environment were some participants’ immature 
understanding of modified words (e.g., regular polygon, Section 6.2), and of key 
terminology from varied mathematical topic areas (e.g., averages, transformation 
geometry) (see Table 6.3; Section 6.4). Other examples included challenges with text 
using of text containing a combination of semiotic systems (Section 5.2.2). In terms 
of critical analysis and predictions there was evidence that, prior to scaffolding, the 
participants were able to make valid critical comments based on the context of a 
graph, but less able to analyse the deep mathematical meanings portrayed (e.g., 
Chapter 5).  
Of particular interest were difficulties with literacy competencies that 
corresponded to those previously described, mainly for school-aged learners (see 
Chapter 2). Examples included difficulties with modified words previously described 
by educators (e.g., Martiniello, 2008; Rubenstein, 2007) and misuse of equal signs 
discussed by Warren (2007) and others. The preservice teachers’ difficulties led to 
the idea that, as discussed by Peard (2008), at least some misunderstandings of 
literacy in mathematics may be passed from teachers to children. This suggested a 
need for a focus on such issues in both preservice education and in school levels to 
enhance all learners’ access to literacy in mathematics. As suggested by 
Commonwealth of Australia (2008), in order to aid curriculum development and 
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mathematics instruction, broader studies are needed to fully investigate learners’ 
challenges, especially those that occur in various mathematical sectors.  
In general, participants in the study demonstrated little inclination to represent 
ideas in various formats whilst explaining terms or solving problems (e.g., Sections 
6.1, 6,2, 6.5), an element of text-using practices. This is of concern since such practices 
are aligned to the effective use of literacy in mathematics, a key part of teachers’ 
pedagogical content knowledge being the ability to represent and illustrate 
mathematical ideas (Ryan & McCrae, 2005; Shulman, 1986). Effective use of 
representations are an aid to learning and the linking of ideas (Terwel et al., 2009), 
important elements of the construction of knowledge in the SC approach. The 
underutilisation of varied representations may have been caused by incompletely 
developed content knowledge (the knowledge of literacy practices related to the actual 
representations), an issue referred to by S. Norton (2010) and Zevenbergen (2005).  
There was some evidence in the study that distinct student groups experienced 
different challenges with literacy competencies (Section 7.3). Participants who had 
completed their schooling a number of years before the study had often forgotten or 
not studied certain topics. However, they openly engaged in verbal discourse and, as 
noted by Zevenbergen (2004), recognised and were keen to expand their knowledge. 
It is likely that this cohort of students’ school experiences consisted of traditional 
teaching methods, with less emphasis on the literacies involved and less use of 
collaborative methods. More in-depth studies are needed to investigate the 
differences in knowledge of different preservice teacher cohorts.  
Noted by Orr et al. (2014), teachers require a high degree of literacy in their 
content areas, knowledge that the research participants were in the process of 
constructing. Scaffolding of their knowledge in the field of literacy in mathematics 
was provided through the use of pedagogical strategies aligned to the SC approach 
that focused on a multiplicity of literacy practices derived from each of the four 
families of practice identified in the FRM. An overview of the pedagogical strategies 
can be found in the response to the third research question.  
8.3.3 Research Question 3 
What pedagogical strategies can be used in a program based on the four 
resources model (FRM) within a social constructivist (SC) framework to 
develop the participants’ knowledge of literacy in mathematics?  
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Since the FRM is not a pedagogical model, but a model that outlines essential 
literacy practices, it was necessary to choose pedagogical strategies for use in the 
learning program. As advocated by Freebody (2000), a blend of previously used 
pedagogies were utilised in the teaching and learning. 
The term pedagogical strategy was taken to include a broad range of relevant 
pedagogy, including methods, activities, and tools; in particular pedagogies that 
aligned with the theoretical framework and supported the instruction of a broad 
spectrum of literacy practices in mathematics.  
As identified by Boaler (2003), an enhanced understanding of effective 
pedagogical strategies is needed because instruction guided by, for instance, SC 
learning theories can be diverse and varied in terms of its effectiveness. The study 
identified numerous pedagogical strategies, many previously used and described in 
the literature, as useful in mathematics instruction for scaffolding preservice 
teachers’ content and pedagogical content knowledge relating to literacy in 
mathematics. Examples were discussed in the previous three chapters (see summary, 
Appendix S), with details of the SC environment in which they were implemented. 
Exposure to the pedagogical strategies allowed the participants to observe ways in 
which student-centred learning can contribute to enhancement of essential literacy 
practices identified in the FRM. The majority of the strategies were potentially useful 
in various levels, mostly originally used in school levels, and subsequently used for 
preservice instruction in this study, some of which were modified by the participants 
for use in their teaching practice (e.g., Section 5.2.5). Although there were many 
suggestions of the value of the instructional strategies, further empirical validation of 
their effectiveness is required, as applies to the pedagogical strategies described by 
Friedland et al. (2011) (see Section 2.2.4).  
Positively appraised activities 
Based on the participants’ reflections (e.g., Table 7.2), several of the 
instructional strategies were positively appraised by the participants, their value also 
acknowledged by the researcher (see Figure 8.1). These strategies encouraged verbal 
discourse, debate, engagement, active construction and scaffolding of knowledge; 
some utilised multi-methods. Further, they promoted learning built on prior 
knowledge, a key to constructing knowledge. As advocated by Vygotskiĭ et al. 
(1997), they enticed students to collaboratively orchestrate their own learning, with 
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limited input from the facilitator, who stimulated and constrained learning, and 
guided and scaffolded it if required. For instance, the participants’ efforts to solve 
problems with the use of multiple representations were scaffolded and extended by 
the researcher, who modelled possible solutions (Section 6.5).   
Examples of the positively appraised activities included:  
 co-construction of meaning of media graphs (Figure 5.8) with the use of a 
FRM heuristic and simplified scaffolding steps (see Meaney et al., 2009; 
Chapter 5). Understanding of such texts was extended by wording 
questions that required learners to read the data, read between the data, and 
read beyond the data (Monteiro & Ainley, 2007), ensuring that a broad 
spectrum of literacy practices from the FRM was addressed; 
 use of the four-square model (Dunston & Tyminski, 2013) and dictionaries 
in a collaborative setting, for scaffolding vocabulary instruction and 
extending code-breaking and meaning-making competencies (Chapter 6); 
 card activities in all learning sessions, at times followed by writing about 
the topic (e.g., probability or transformation card activities; Chapter 6); 
 use of carefully chosen websites to search for information and answer 
questions on tessellations and on a trip to Auckland, activities which 
entailed use of a broad spectrum of literacy practices from the FRM (in a 
SC setting) (Chapter 6); 
 focus on other preservice teachers’ challenges with the codes and related 
meanings in mathematics (Appendix N); and 
 solving of mathematical word problems through use of a FRM heuristic 
and varied representations (Chapter 6), underpinned by van Garderen’s 
(2004) steps in a SC environment. 
Advocated by many educators (e.g., Rowe & Bicknell, 2004; Vanides et al., 
2005), and aligned to Vygotsky’s notions of intrapersonal and interpersonal 
activities, many of the learning activities were designed to follow the sequence think-
pair-share, in which individual work preceded collaborative activities, ensuring that 
individuals played an active role then contributed ideas to group learning (Sections 
3.2.1, e.g., 6.1, 6.2, 6.5). Evident in the study, conceptual understanding played a key 
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role in literacy learning in mathematics, hence a focus was directed to conceptual 
understanding in many of the activities. This resonates with the importance placed on 
understanding in the Australian Curriculum Mathematics (ACARA, 2015b). Further, 
activities were chosen so as to ensure a balanced program, which is key to literacy 
instruction guided by the FRM (see Question 1). 
Other activities 
The series of activities on shape that followed Bruner’s (2006a) three stages of 
representation (Section 6.3), drew many positive comments, but also reflections from 
some participants that indicated their lack of confidence with the concept mapping 
task (e.g., Table 7.2). As discussed, some participants required additional scaffolding 
for the activity. The activities on confusing word groups and modified word meaning 
(Sections 6.1, 6.2) were also not as positively appraised as some activities, possibly 
due to the fact that they did not relate to real-world contexts. Some participants 
expressed concerns about the activities that relied on use of the FRM heuristics, 
stating that they had not fully mastered the model (Section 7.1). Although the model 
is perhaps most useful for instructors, since preservice teachers are preparing to 
teach, it would seem pertinent for them to develop enhanced understanding of the 
model. 
Word introduction strategies 
Word introduction strategies are important for addressing the instruction of 
words such as words with multiple meanings, words used predominantly in 
mathematics, confusing word pairs, and modified words. In the study, a combination 
of strategies were trialled and described, presenting variety and catering for different 
learning styles (Chapter 6). They included construction of comprehensive 
descriptions through verbal and written discourse, thereby introducing learners to the 
precision of mathematical language (see Sections 6.1, 6.2; e.g., Shield, 2004), and 
use of less formal approaches (e.g., Pierce & Fontaine, 2009). Other strategies 
included the construction of concept maps (e.g., Novak & Cañas, 2008; Vanides et 
al., 2005), which link ideas and visually show the big picture but may require prior 
scaffolding (see Sections 6.3, 6.4). Relying on code-breaking, meaning-making, and 
text-using competencies, and suitable for use in a SC environment, the four-square 
model strategy, used in combination with dictionaries, peer scaffolding, and concrete 
materials to scaffold understanding, was positively evaluated by the researcher and 
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participants. The four-square diagrams exposed the learners to multiple 
representations of mathematical ideas, encouraging them to collaboratively build on 
prior knowledge, whilst constructing an understanding of a broad range of literacy 
practices in mathematics (Section 6.2.3). A possible modification is the presentation 
of the different categories in table format, making possible comparison of different 
concepts such as radius and diameter (Section 2.2.6; Shanahan & Shanahan, 2008).    
Critical analysis in mathematics 
In contrast to traditional ideas of mathematics as an objective subject, 
contemporary learners require enhanced knowledge of critical-analysis practices 
(Freebody & Luke, 2003; Stack et al., 2010; P. White et al., 2009; Sections 2.2.8, 
5.2). Suitable activities include tasks in which texts are interpreted and generated 
(e.g., Sections 5.2.3, 5.2.4), with a focus on fairness, truthfulness, and bias. Examples 
that revealed the importance of an understanding of contextual and mathematical 
factors that cause bias or result in text being misleading were discussed; the 
mathematical factors were at times poorly understood by the participants. In the case 
of preservice teachers, expansion of their knowledge of critical analyst practices and 
of strategies that can be used to enhance knowledge of such practices, is required.  
Furthering understanding of critical analysis in mathematics as per the FRM, 
factors that for instance contribute to text that purposefully or inadvertently misleads 
readers or results in biased representations, were identified and summarised, together 
with examples from the study and the literature (Appendix T). Included were factors 
not mentioned in the literature, such as the age of the data and the period over which 
they were collected, both elements of sampling, and the grouping of the data in 
representations. The fact that data may be differently interpreted by readers who use 
the data to make predictions was not mentioned (e.g., Monteiro and Ainley, 2007), 
nor was the fact that insufficient information is sometimes given about data 
collection methods, meaning that a full understanding of the underlying bias in text is 
often difficult to achieve. As suggested by Holton and Clarke (2006), a heuristic of 
such factors (see Appendix T) can be used to enhance learners’ ability to critically 
analyse mathematical text, promoting critical-analysis competencies.  
Use of digital text 
Important in terms of contemporary learners mastering access to and use of 
modern literacy practices, digital text played a role in the learning (e.g., tessellation 
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activity and the activity on the emergency trip to Auckland). Such activities exposed 
learners to an extended range of literacy practices associated with new technologies, 
including searching for and sorting of information, choosing relevant hyperlinks, and 
reading diverse visuals and moving elements of text. Importantly, such activities 
relied on active and collaborative participation during knowledge construction, key 
elements of learning in a SC environment. Through such social experiences learners’ 
mastery of literacy practices is enhanced, practices that our culture deems important 
for school and everyday purposes. 
Focus on diverse representations  
Evident in the study, different strands of mathematics rely on mastery of 
different combinations of literacy practices. In statistics, for instance, data is 
presented in diverse formats, drawing on a unique range of literacy practices (see 
Chapter 5). Including text using and critical analysis practices, mathematics teachers 
and learners require knowledge of the literacy practices that underpin the diverse 
representations found in statistics and in other strands of mathematics, the diversity 
of which is described by Lemke (2003) and O’Halloran (2005). In the study, many of 
the activities simultaneously introduced the learners to multiple representations, 
offering the advantage of exposing them to a broad range of practices from the FRM 
(e.g., Section 6.5.1) and at times exposing instances of inconsistencies in 
understandings (e.g., Section 6.2.2). Potentially extending understanding through the 
process of generating diverse representations, learners are required to constantly 
think of underlying meanings that readers may construct from the hybrid of 
mathematical conventions used. In line with SC ideas and advocated by Terwel et al. 
(2009), such approaches enabled learners to establish links to prior knowledge and 
between different representations of ideas. Examples identified in the study included 
four-square diagrams (Section 6.2.3; e.g., Figure 6.4), multiple representations of 
mathematical word problems (Section 6.5.1), and depiction of associated statistical 
data in different formats (e.g., Chick, 2004). The aim of exposing preservice 
teachers’ to multiple representations of mathematical ideas is to extend their 
knowledge of the literacy in mathematics, and enhance their pedagogical content 
knowledge and teacher efficacy by giving them a broader range of choices in terms 
of presenting mathematical ideas (Norton, 2010, 2012; Orr et al., 2014). It is also 
important in terms of teachers scaffolding children’s ability to represent concepts in 
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various ways, stressed as important in the Australian Curriculum Mathematics 
(ACARA, 2015b). 
Focus on potential challenges  
Knowledge of learners’ difficulties relating to literacy in mathematics is an 
element of teachers’ pedagogical content knowledge (Commonwealth of Australia, 
2008; Mishra & Koehler, 2006). Such knowledge has the potential to enhance 
teachers’ ability to fully access literacy practices in mathematics and to pre-empt 
students’ challenges in this regard, thereby informing effective pedagogy. In this 
study, activities were designed that focused on previously documented student 
challenges with literacy practices, such as challenges posed by modified words (e.g., 
Martiniello, 2008; Rubenstein, 2007; Chapter 6). In another example that entailed 
code-breaking and related meaning-making practices, other preservice teachers’ 
challenges with mathematical codes and conventions were used to familiarise the 
participants’ with challenges that learners experience with the codes in mathematics, 
a collaborative activity that drew many positive reflection comments (Appendix N). 
As discussed in the appendix possible scaffolding to alleviate the described 
difficulties, can be provided through the use of diagrams and concrete materials. 
Other pedagogical strategies to enhance literacy learning in mathematics 
The study identified that use of carefully chosen everyday text in a SC setting 
has the potential to stimulate a broad spectrum of literacy practices from the FRM, 
including text-user and text-analyser practices (e.g., Section 5.2.3; NIE, 2009). This 
is consistent with the contemporary views of literacy viewed from the perspective of 
pragmatics, literacy as a social practice (Freebody & Luke, 2003), with activities 
closely wedded to examples of application. It resonates ideas from Harris et al. 
(2006) that teachers design an environment rich in engaging resources and literacy 
stimuli, such texts providing a bridge to reading in social circumstances. Moreover, 
the key role of everyday resources in mathematics teaching is echoed in the 
Australian Mathematics Curriculum (e.g., ACARA, 2015c). In this study, texts such 
as the media graphs and the digital texts used in the activity on the emergency trip to 
Auckland, were included as examples of literate culture that learners may experience 
in everyday activities. Such carefully selected texts were especially useful in 
statistical activities, stimulating expanded communication in the form of arguments, 
inferences, and predictions (e.g., Section 5.2.3), important elements of meaning 
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making in the FRM (Freebody & Luke, 2003), and elements of mathematics 
instruction stressed in the Australian Curriculum Mathematics (ACARA, 2015b).  
As observed by Monteiro and Ainley (2004, 2007) and discussed in Section 
5.2.6, the best resources are those in which the context and content are familiar to 
learners, making possible an in-depth analysis of the text. In the study, texts were 
chosen such that the context was relevant to the learners providing meaningful 
opportunities for extended dialogue, engagement, and knowledge construction, and 
offering links to the use of such text in everyday settings (e.g., Sections 5.2.3, 6.5). 
Such texts can be used to stimulate verbal discourse of the mathematical ideas related 
to the context and to encourage movement away from traditional mathematical 
thinking, at times evident in this study and noted by Stack et al. (2010) and P. White 
et al. (2009). Based on a variation of views and knowledge, collaborative 
construction of the meaning of such texts allows for an in-depth construction of 
meaning. 
As did other studies (e.g., Kotsopoulos, 2007; Renne, 2004), this study 
suggested the value of verbal discourse and the recording thereof for developing an 
understanding of the effectiveness of language use in classrooms, thereby providing 
an incentive for change. The importance of careful listening for building 
understanding of learners’ difficulties was evident in the study, in Raiker’s (2002) 
study, and in the powerful example about fractions recounted by Barton (2008). 
There were instances in the study of the participants’ misunderstandings only 
becoming apparent to the researcher whilst the audio recordings were being 
transcribed. The recordings exposed examples of the researcher’s and participants’ 
casual use, misuse, or misunderstandings of mathematical language, reinforcing 
evidence of the participants’ difficulties exposed in the work samples. In particular, 
the individual and small group sessions made in-depth questioning possible, the 
answers contributing useful complementary information to the research, facilitated 
by the clarity of the audios.  
Use of two differently coloured pens was identified as an effective instructional 
practice (Section 7.2). The approach gave the participants the confidence to state 
their prior knowledge, then collaboratively use tools such as concrete materials, 
dictionaries, and computers to modify their answers, much of the development 
depending on peer scaffolding. Targeting knowledge development in the 
 Chapter 8: Conclusion 309 
participants’ ZPDs, the two pens allowed the researcher and the participants to 
identify potential knowledge development of literacy practices, seen by Michelle as a 
means of controlling her own learning (Table 7.2, Group D). 
A number of participants commented positively about the activities that could 
be achieved independently of the facilitator. In such activities, the participants 
identified and rectified their own imperfect constructions, and avoided shame 
associated with their difficulties (Section 7.2). The importance of independent 
learning in preservice education was also identified by Frid and Sparrow (2009), and 
resonates with SC ideas, in which learning is perceived to occur when learners 
construct ideas themselves (Bruner, 2006a). Because the participants were adults 
who were able and keen to locate and improve on their gaps in knowledge, activities 
in which they could work independently appeared to be a pertinent choice. Examples 
were the construction of four-square diagrams (Section 6.2; e.g., Figure 6.4) and the 
tessellation questions (Section 6.3.3), in which dictionaries, websites and peer 
support were used to modify answers and enhance understanding.  
Readings provided useful information in the learning program on literacy in 
mathematics. A reading was emailed to the participants at the end of each learning 
session as theoretical back-up and extension of the session, potentially enhancing 
their content and pedagogical content knowledge (e.g., Chick, 2004; Kotsopoulos, 
2007; Zazkis et al., 2009). The participants who completed the readings were 
generally positive about their value in terms of learning and commented positively 
about the Using Cards method to assist their reading (Borasi et al., 1998, p. 291; 
Section 2.2.6; Appendix C). Others did not complete the readings, at times due to 
time constraints. In 2012, extra time in the learning sessions made possible 
discussion of research on the topics, a strategy that the students stated enhanced and 
gave credence to the learning. 
In a recent study by Conrad and Stone (2015) focusing on enhancing preservice 
teachers’ knowledge of literacy in content areas, the preservice teachers themselves 
selected and presented a range of learning strategies to their peers. Also based on SC 
foundations, the greater focus on student-centred learning is a strength over the 
design of the learning in the current study, presenting a potentially useful idea for an 
extension of learning in this study. Although Conrad and Stone’s strategies 
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complement those described, use of the FRM model from literacy education in this 
study ensured a broader focus on necessary literacy practices. 
8.4 RECOMMENDATIONS  
Although literacy is the focus of one of the three strands in the Australian 
English curriculum and is listed as the first general capability that applies across all 
curriculum areas, its importance is perhaps underemphasised in mathematics partly 
because of time constraints. In reality however, literacy is the foundation of the 
learning of much of the content and since literacy in mathematics incorporates a 
unique hybrid of literacy demands, focus on literacy in mathematics is crucial to 
good mathematics teaching.  
A recommendation of this study is the need for teachers and learners to upskill 
in the area of literacy in mathematics, an important element of the instruction and 
assessment of mathematics, and important in life. Mastery of literacy in mathematics 
is crucial for teachers since effective communication of mathematical ideas is 
fundamental to good teaching. As suggested by Adams (2003) for vocabulary, an 
emphasis on a broad spectrum of literacy practices from the four dimensions of the 
FRM should be incorporated into the curriculum, instruction, and assessment of 
mathematics (e.g., Figure 3.1). Such instruction needs to be facilitated by teachers 
and based on powerful and engaging activities, encouraging learners to socially 
construct knowledge of literacy in mathematics. The model presented (Figure 8.1) 
provides a research base for the systematic development of preservice teachers’ 
mathematical literacy during their preservice years. 
Also recommended are more larger and longitudinal studies to investigate 
preservice teachers’ content knowledge pertaining to literacy in mathematics, in order 
to reinforce results from this and previous studies (e.g., Section 2.2.1). Of concern, in 
this study, the participants were about to become fully qualified teachers. The study 
results suggested that the one-year Graduate Diploma, which included a one-
semester unit on teaching mathematics, was not comprehensive enough to allow for 
full development of both content and pedagogical content knowledge in the subject. 
In this study, the participants’ undergraduate degrees covered content in specific 
areas (e.g., literature, history, physiotherapy; see Appendix I), unlikely to reinforce 
learning in all subject areas. For some participants this was followed by years 
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working in fields other than teaching. The duration of Graduate Diploma programs 
has now been extended beyond the previous one-year time period (see AITSL, 2010, 
p. 17). Stressed as important by Zevenbergen (2005), this will hopefully lead to 
expanded preservice teachers’ knowledge of content and pedagogies. As is the case 
for other mathematical content, teachers’ knowledge of literacy in mathematics 
stands to benefit from additional focus in preservice education or in professional 
development. 
Without development of content knowledge it may be difficult to develop 
pedagogical content knowledge, a view that has been widely expressed (e.g., S. 
Norton, 2010; Zevenbergen, 2005; see Section 2.3). For example, choosing the most 
powerful examples, analogies, or representations to depict mathematical ideas 
depends on understanding of the content (Orr et al., 2014). A deep knowledge of the 
literacy practices surrounding representations is necessary before it is possible for 
teachers to effectively present explanations in the form of representations, to fully 
understand the mathematical causes of bias in graphs, or to comprehend or write 
questions that involve reading the data, and reading between and beyond the data. 
This is relevant to teacher educators in terms of the need to build content knowledge 
as a foundation for pedagogical content knowledge of preservice teachers. 
Apparent in the study, the preservice teachers’ challenges with literacy in 
mathematics had various sources, all of which need to be addressed. They include 
misconceptions, content learnt but forgotten or not previously covered, and limited 
attention paid to the precision of mathematical language. Learning can be scaffolded 
for instance, by focusing on challenges such as those identified in the study or 
identified in the literature, and the need for precision of mathematical language can 
be addressed with activities that focus on construction of comprehensive descriptions 
of mathematical ideas.     
Relevant to teacher education, extended use of pedagogical strategies to 
facilitate learning of literacy in mathematics is recommended, this study presenting 
ideas of strategies based on a framework of the FRM in a SC environment. For 
instance, supported by educators’ statements about the crucial role of mathematical 
representations (e.g., S. Norton, 2010, 2012; Ryan & McCrae, 2005), the study 
pointed to the importance of a prominent focus on activities that make use of 
multiple representations in preservice education (Section 6.5). This is important in 
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terms of teachers explaining and presenting mathematical ideas, and a key part of 
literacy in mathematics. According to Barton (2008),  
Important ideas need to be communicated, and the more important they are, 
the more accurately and consistently they need to be communicated. 
Mathematical ideas must be systematised to be communicated, thus 
mathematics is created. This is why mathematics and language develop 
together. (p. 152)  
Further, more focus is needed on diverse representations of mathematical ideas in the 
Australian Curriculum (ACARA, 2015b), to bring it on a par with the USA standards 
(NCTM, 2011; Section 2.2.5). This concurs with suggestions by Lowrie and 
Diezmann (2007) that there is insufficient focus on visual representations in 
mathematics in Australia.  
8.5 DIFFICULTIES OF IMPLEMENTATION 
In reality, there are a number of impediments to the widespread 
implementation of the given theoretical framework based on the FRM and SC ideas 
to foster knowledge of literacy in mathematics. Similar to the difficulties mentioned 
by Orr et al. (2014), these include time limitations and the need for a deep knowledge 
of the literacy practices outlined in the FRM and of the effective instructional 
strategies based on the SC approach. Moreover, they include the difficulty of 
convincing teacher educators, teachers, and students that such steps stand to enhance 
learners’ mastery of literacy in mathematics, and hence their learning of 
mathematics. Effective implementation of these ideas may be particularly difficult 
for those whose past learning experiences were based on traditional approaches or 
those who lack confidence in mathematics, both of which have the potential to limit 
the ability to act spontaneously in a SC classroom. As suggested by Orr et al. (2014), 
knowledge of the effective integration of literacy strategies into content lessons may 
develop gradually over a period of years. Persuading teachers to adopt the approach 
described in this study would depend on professional development, resources, and 
time. Difficulties and possible improvements to the learning program were discussed 
in Chapter 7. 
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8.6 LIMITATIONS OF THE STUDY  
The outcomes of the study are limited by the small number of participants. 
Although the cohort of 23 preservice teacher participants varied in age and academic 
and employment backgrounds, and there was some variation in nationality and 
gender, the study results cannot be claimed to be generalisable to all Australian 
preservice teachers.  
The study was non-longitudinal, the results based on data that were gathered 
over a period of about four months for different participant groups in 2012 and 2013, 
including the learning program and the report-back after the teaching practice. An 
extended timeframe with more learning sessions would have been preferable but was 
impractical due to the participants’ time constraints. The restricted time period 
limited the number of learning activities and voluntary readings, factors likely to 
have impacted on their learning. 
The relatively short timeframe is likely to have led to some participants not 
being entirely forthright about their existing knowledge. Although some participants 
openly shared their challenges and feelings of lacking confidence in literacy in 
mathematics, others were more reticent, taking longer to build a trusting relationship 
with the researcher. Possible reasons were that they were embarrassed about their 
difficulties and not fully accepting of the confidential nature of the study. 
Although the findings from the case study cannot be claimed to be 
generalisable, the results may aid understanding of other similar cases (Punch, 2006). 
Further, the qualitative case study methodology meant that many unexpected results 
surfaced and could be investigated, in a field in which limited research had 
previously been carried out. As per the case study approach followed in this study, 
the aim was to uncover the complexities of the case rather than to produce 
generalisable results (Punch, 2006; Stake, 1995). It is argued here that the aims of the 
study were achieved and the outcomes were compelling enough to warrant further 
larger, broader, and more longitudinal studies on teaching and learning of literacy in 
mathematics, including quantitative studies on the topic.  
8.7 AREAS FOR FUTURE INVESTIGATION  
As suggested by Stake (2000), and in order to build theory, this study is a 
possible precursor to larger and more longitudinal generalisation-producing studies 
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about literacy in mathematics in the preservice sector, the results of which would be 
useful to educators and curriculum planners. Such studies require cautious definition 
of what constitutes essential literacy practices in mathematics and the role of the 
teacher in this regard.  
The following are suggestions of areas that require further investigation, 
suggestions for curriculum designers, researchers and educators, and those who are 
well positioned to investigate the described issues. Reinforced by the literature 
(Chapter 2), the study data revealed challenges that the learners experienced with the 
complex, diverse, and unique hybrid of literacy practices in mathematics, challenges 
that require further investigation. In order to foster instruction of literacy in 
mathematics with the aim of enhancing understanding of mathematical and everyday 
text, further information is needed about relevant pedagogies together with 
guidelines about their implementation in the classroom.  
To extend or reinforce the outcomes from this study, further research, 
including longitudinal and broader studies, is required on the topics below. 
 Teachers’ challenges with the literacy of mathematics in all topic areas 
especially those that were not investigated in this study. 
 The similarities between teachers’ and children’s challenges with literacy 
in mathematics, imperfect constructions that may be passed from teachers 
to students (e.g., Chapters 5, 6). 
 Teachers’ knowledge of mathematical codes and conventions (Appendix 
N), and of multiple representations, focusing on the necessary skills for 
interpreting, matching, and representing data (Chapter 5; Section 6.5). 
 The challenges experienced by teachers’ when using multi-modal and 
digital text (Section 5.2.2; 6.5.2). 
 Teachers’ competencies with and views about the inclusion of predictions 
and critical analysis in mathematics (Section 5.2.3). 
 The diverse needs of preservice teacher groups in terms of the instruction 
of literacy in mathematics, for instance, needs of students who may have 
forgotten or never learnt the basics of some topic areas (Section 7.3). 
 The effectiveness of teaching strategies and activities that can be used to 
enhance instruction of literacy in mathematics (e.g., Chapters 5, 6, 7). 
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 The use of multiple representations to enhance knowledge of literacy in 
mathematics and of topics such as solving of word problems (Section 6.5).  
8.8 FINAL WORDS 
The participants’ challenges were often repeated in multiple, independent 
groups in two different years, many matching the researcher’s experiences from 
another Australian university. Often similar difficulties occurred in different 
activities and have been previously reported in the literature as occurring in school or 
preservice classrooms. The raft of misunderstandings suggests that teacher educators 
and teachers should take cognisance of students’ difficulties with literacy in 
mathematics, by highlighting possible challenges and giving students the opportunity 
to engage in activities that build knowledge of the topic.  
As advocated by Stake (2000) and Stevenson (2004), I the researcher would 
like to encourage teacher educators and teachers to compare these results with their 
own experiences and, based on this evidence, to increase their awareness and focus 
on literacy in mathematics. In this way the likelihood that the case study is 
transformative as well as descriptive, resulting in an improvement of practice, is 
increased (Corcoran et al., 2004). This is achieved when readers make meaning of a 
case study by reflecting, viewing practice critically, building upon prior knowledge 
and experiences, further investigating case study ideas in the classroom (Corcoran et 
al., 2004; Stevenson, 2004), and seeking ways to improve. My experience with 
preservice teachers at two Australian universities has suggested that they are keen to 
improve their knowledge of mathematics so as to increase their confidence in the 
classroom. We owe it to them to give them the opportunity to improve their 
knowledge of literacy in mathematics in addition to other important mathematical 
knowledge, and thereby increase their confidence and efficacy as mathematics’ 
teachers. Possible options are reconsideration of the contents of Graduate Diploma 
programs to include a unit on literacy in different subject areas (e.g., Conrad & 
Stone, 2015) or voluntary professional development during preservice years to allow 
those who lack confidence to build on their mathematical knowledge before entering 
the classroom. 
In terms of the participants, in addition to extending their content and 
pedagogical content knowledge of literacy in mathematics (as outlined by the FRM), 
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it is hoped the study heightened their understanding of reflective practice, 
encouraging them to audio record their lessons and to collaboratively find solutions 
to misunderstandings relating to literacy in mathematics that occur in their lessons. 
There was evidence in the participants’ final reflections after their teaching practice 
that they were taking cognisance of literacy in mathematics (Chapter 7). Typical of 
learning based on SC ideas, such a reflective process is known to stimulate thinking 
resulting in changes in practice (Osterman & Kottkamp, 2004, p. 182). Thus, the 
journey into learning about literacy in mathematics had just begun. And in the words 
of Osterman and Kottkamp, “It is only through changing ourselves that we have any 
hope of changing others” (2004, p. 191), others in this case being the students whom 
they teach. Reflective learning with the aim of stimulating continued development is 
necessary because teacher education programs are too short to allow development of 
all knowledge required by teachers (e.g. Orr et al., 2014). 
During the study my own pedagogical content knowledge has been vastly 
enhanced due to my role as the researcher, facilitator of learning, and author of the 
associated journal articles. I now have a better understanding of the broad spectrum 
of literacy practices in mathematics, as outlined by the FRM from literacy education. 
My knowledge of the challenges that preservice teachers face relating to literacy in 
mathematics has expanded, accompanied by knowledge of pedagogical strategies 
based on the SC approach that can be used in preservice education to improve 
learners’ knowledge of literacy in mathematics. This expanded understanding will be 
invaluable in terms of informing my work with preservice teachers and is one of the 
successes of the study.  
It is with these words that I, the researcher, bid farewell and thank the 
participants and readers who have journeyed this path with me. I feel very privileged 
to have had the chance to work with the preservice teachers, adding to my own 
professional knowledge, helping them in their future teaching, and potentially 
enhancing learning for the children they teach. And in the end some success will 
have been achieved if this study makes clearer the challenges that learners 
experience with literacy in mathematics and effective pedagogies that can be used in 
this area of mathematics. In this way it is hoped we will take some strides towards 
enhancing the communication, interpretation, and analysis of mathematical ideas. 
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Appendices 
Appendix A: Four resources heuristic 
Simplified four resources heuristic used by participants in learning sessions  
Based on Freebody (1992), Freebody and Luke (2003), Luke (1998), Luke and 
Freebody (1990). 
(The four resources apply to written, spoken, visual, and multimedia text.) 
Code breaker 
Breaking the codes and conventions of words, 
abbreviations, symbols, representations. Codes 
and conventions include amongst others: spelling, 
sound-symbol relationships, formatting, 
punctuation, colours, textures, keys, elements 
such as lines or points, and use of shading. 
Understanding relationships between different 
semiotic systems (modal integration). 
Composing text with mathematical words, 
symbols, abbreviations, representations, 
including text which contains multiple semiotic 
systems. 
Meaning maker/Text participant 
Making literal and inferential meaning of the 
whole text (from within and without the text – 
with the use of prior knowledge), including 
linear, non-linear, interactive, non-interactive 
text. Locating key ideas. 
Making meaning of symbolic systems, graphs, 
visuals, tables, captions, etc. 
Composing text (with mathematical content) with 
different meanings. 
Text user 
Establishing the significance, use, audience, and 
purpose of text with mathematical content. 
Recognising varying structures and features in 
text and utilising relevant information. 
Composing text with varying structures and 
features and different significance, use, audience, 
and purpose. 
Critical analyst 
Understanding that texts (including text with 
mathematical content) are written for set 
purposes and may influence readers in various 
ways. Establishing the truth, fairness, and bias in 
text and whether text is misleading or has omitted 
information. 
Composing text with different bias. 
 
More comprehensive four resources heuristic for researcher’s use 
(The four resources apply to written, spoken, visual, and multimedia text.) 
Code breaking – In mathematics it includes …  
 words (sounds, spelling, formatting, punctuation), and symbols and 
abbreviations (sounds, order, size, position, directionality); 
 representations – headings, axes labels, keys, directionality, page layout, 
other factors including colour, texture, and so on; 
 relationships between different semiotic systems such as text and pictures; 
 the technology of the text.  
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Meaning making – Includes … 
 understanding and composing text, using inferences from within and without 
the text; 
 making meaning of words, symbols, and abbreviations including an 
understanding of prefixes, roots of words, verbs, word origins, words with 
similar meanings, and modified word meanings; 
 making meaning of the linear, non-linear, non-interactive, interactive nature 
of the text; 
 locating key ideas, understanding information in visuals, filling in the gaps, 
using story maps, reading and retelling, considering the audience, making 
meaning from a combination of textual information such as graphic 
information, diagrams, and symbols. 
Text using – Includes … 
 understanding of content, context, purpose, audience, significance, 
implications – not just a set of stated skills;  
 recognising varying structures and features in text; 
 using and composing different text-types such as tables, graphs, maps, 
including everyday text such as timetables, accounts, and text from different 
cultures; 
 presenting and understanding text with various structures and features 
(writing cheques, filling in job applications, reading newspapers, following 
instructions, finding information in visuals, determining uses of text). 
Critically analysing (critiquing seen as important in terms of location of reliable 
sources of information and avoiding scams) – Includes … 
 understanding that texts are written for set purposes, hence may influence 
readers in various ways; 
 establishing the truth, fairness, and bias and identifying the misleading 
elements and omissions in text; 
 understanding view portrayed by particular words or diagrams for instance; 
 establishing the facts/opinions, views and power, author’s background and 
intentions, and other views;  
 understanding of different ways of presenting the same set of information or 
construction of text with different points of view (use of different pictures, 
headings, choice of words, colours etc.). 
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Appendix B: Vocabulary introduction strategies 
 
Strategy Reference 
The four-square model/Verbal and visual 
word association diagrams 
Barton et al. (2002), Dunston and 
Tyminski (2013), Gay (2002),  
Concept circles Gay (2002) 
Semantic feature analysis Barton et al. (2002), Dunston and 
Tyminski (2013) 
Concept maps Barton et al. (2002); Shield (2004) 
Graphic organisers Dunston and Tyminski (2013), Ewing 
Monroe and Orme (2002) 
Mathematics dictionaries Anderson et al. (2008); Eather (2011) 
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Appendix C: Reading strategies in mathematics 
Author and 
subject area Key points 
Parkin and 
Hayes (2006) 
Mathematics 
Designed to help NESB students with problem solving and included 
- dividing the word problem into parts, each written on separate pieces of 
paper, making it possible to reorder parts of question 
- using different colours for given information, the required task, and words 
that were irrelevant to the problem solving 
- preformulating and reconceptualised the problem such that students’ prior 
knowledge was utilised and scaffolded to form meaning 
Ontario 
Ministry of 
Education 
(n.d.) 
Mathematics 
Know/Model/What/Cross out method in which the 
- first stage required students to determine what they knew about the problem 
- the second stage required them to decide whether they could model or 
represent the problem 
- the third stage required them to decide what the problem was asking 
- the fourth stage required them to cross out irrelevant facts 
Barton, 
Heidema, and 
Jordon (2002) 
Mathematics 
- the model stressed the importance of drawing on readers’ prior knowledge, 
in order to prepare them to connect ideas, assimilate new ideas, and draw 
conclusions 
- proposed strategies for activating prior knowledge included questioning to 
uncover knowledge and misunderstandings, exploration activities, concept 
mapping, and use of an anticipation guide (all clearly described by Barton et 
al., 2002) 
- gave an example of a concept map in the space strand 
- gave an example of an anticipation guide, which required readers to answer 
questions before and after reading a set text, and could include explanations 
that encourage readers to modify their misconceptions and fill in gaps in 
their knowledge 
- stressed the importance of aiding readers to master vocabulary and “make 
sense of unfamiliar text styles” (Barton et al., 2002, p. 25) 
- suggested that readers understandings can be aided by use of graphic 
organisers, chapter outlines, and think-aloud strategies in which the teacher 
models the thinking strategies (can be used while reading a section of text) 
Borasi, 
Siegel, Fonzi, 
and Smith 
(1998) 
Mathematics 
Empirical 
study 
- investigated the use of a number of reading instructional strategies that 
encouraged reading, writing, enacting, talking, and drawing to aid learners 
to construct meaning 
- stressed active reading in which readers are encouraged to explore text, 
utilise their prior knowledge, discuss text meanings, monitor their 
understanding, and discover meaning and relationships in text 
- described four strategies Say Something, Cloning the Author, Sketch-to-
Stretch, and Enacting the Text 
- the method, Using Cards, a modification of Cloning the Author, was the 
most popular method amongst the teachers and cards gave them feedback on 
the learners’ understandings. It involved readers making notes of various 
sorts on cards, followed by possible organisation of the cards 
- the study indicated that teachers may prefer to combine methods and a 
particular strategy may be more applicable to one situation than another 
- most of the reading, except one instruction episode in Borasi et al.’s study, 
did not apply to the mathematics textbook but there is no indication that it 
could not be applied in this circumstance  
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Bossé and 
Faulconer 
(2008) 
Mathematics 
- the study drew attention to strategies that emphasised moving between 
varied representations 
Boulet (2007) 
Mathematics 
- learners need to be guided with the way in which they read text in order to 
aid understanding of concepts 
- for example 123 should be read as one hundred and twenty-three not one 
two three, 
24
6
 should be read as twenty-four divided by six making it unlikely 
that learners will divide 24 into 6,  
3
4
 should be read as three out of four 
equal parts, 0.37 as thirty-seven hundredths, and 6f as six lots of whatever f 
stands for 
- in some cases this may conflict with the way some of these concepts are 
verbalised in everyday language 
Other 
Literacy 
- reading strategies such as re-reading text, changing the speed of reading, 
questioning of meaning of text during reading, and highlighting or 
summarising parts of the text are advocated in reading as aids to meaning 
making (Winch et al., 2009). 
- a combination of individual and group based reading is advocated by 
literacy educators such as Freppon and Dahl (1998). 
- reading presented in different ways such as shared (modelled), then guided, 
and finally independent reading for novice readers is suggested by D. Green 
and Campbell (2006a, 2006b), presenting opportunities for social 
construction of meaning. 
- educators also advise linking reading and writing activities in which reading 
activities are followed by writing or vice versa (D. Green & Campbell, 
2006a, 2006b; Rasinski & Padak, 2004), and endeavouring to match 
learners’ literacies with those taught in school. Computers are seen as useful 
tools and can provide pronunciations and visuals that can help vocabulary 
and reading development (University of South Australia & South Australian 
Department of Education and Children’s Services, 2004). 
- Rasinski and Padak (2004) suggested that the aims of literacy teaching 
should be to encourage learners to develop a love for reading and writing 
and thus become “life-long readers and writers” (p. 95) rather than to simply 
teach them reading and writing. In their view, the authors stated that literacy 
can enrich life as well as providing a means of earning a better living. 
- best success in reading is achieved by integrated approaches that incorporate 
phonics, vocabulary knowledge, fluency, and comprehension, and include 
the literacies from new technologies (Committee for the National Inquiry 
into the Teaching of Literacy, 2005). 
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Appendix D: Four resources heuristics for learning sessions 
The simplified four resources heuristic was used in the learning sessions 
(Appendix A), with another version aimed at problem solving used in Session 2 and 
a third version used to aid the interpretation and generation of visual representations 
in Session 3 (see Quinnell, 2014a, 2014b). 
When using the four resources model heuristic for problem solving the 
participants worked in groups under the guidance of a group leader, who helped the 
group to read, clarify, summarise, plan and solve the problem with agreement and 
justification (Brown & Renshaw, 2006; V. R. Jacobs & Ambrose, 2008/2009; van 
Garderen, 2004). With the help of the heuristic below they collaboratively interpreted 
and solved the given problems. The participants were encouraged to aid peers 
without providing direct answers (Hunter, 2006) and were warned of the pitfalls 
associated with the reliance on the meaning of key words. 
Four resources model heuristic for problem solving: 
Four 
resources 
Key points 
Code 
breaking 
and 
meaning 
making 
Focus on an overall understanding of the text by skimming then move on to scanning and close 
reading to identify specific details of information given and information required for instance, 
then move back to the meaning of the whole text (whole-part-whole approach, Stoicheva, 
2000). Highlight important parts of the text.   
Concentrate on both cracking the codes and conventions in the problem such as the use of keys, 
scales, abbreviations (code breaking) and on the meaning of the whole text (meaning making). 
Read minor grammatical words very carefully e.g. of, off, into, by (Zevenbergen et al., 2004). 
Consider the meaning of technical mathematical language, language which is used differently in 
mathematics and other contexts, and complex word groups (Rubenstein, 2007; Zevenbergen et 
al., 2004). 
Identify key ideas. 
Draw on prior knowledge of familiar content to scaffold understanding of unfamiliar content. 
Consider whether information in a visual needs to be understood or used in combination with 
information in prose for instance.  
Give special attention to deciding whether directionality in reading is important and whether 
information from different semiotic systems needs to be integrated. 
Read and reread the text. 
It may be possible to represent the information in another form such as a table or diagram 
(modal switches), or on cards of different colours representing information given and 
information required (Parkin & Hayes, 2006). 
Text using Consider the context of the text, since readers understanding may be influenced by their past 
experiences or cultures (Avgerinou & Petterson, 2011). Also consider the purpose of everyday 
text such as bus timetables, graphs of banking information, which may be part of the questions. 
Careful consideration of the context can minimise problems that may be related to the contexts. 
Critically 
analysing 
Consider the purpose of the text and identify possibly misleading elements or factors which 
contribute to misleading messages being given. 
Based on Brown and Renshaw (2006), Freebody and Luke (2003), V. R. Jacobs & Ambrose, 
(2008/2009), Parkin and Hayes (2006), and van Garderen (2004). 
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Four resources model heuristic for decoding/encoding visual representations 
such as tables and graphs: 
Four 
resources Key points 
Code 
breaking 
and 
meaning 
making 
When decoding mathematical visuals focus on overall meaning of the text by skimming; 
move on to scanning and close reading to identify specific details of the codes and 
conventions of the text such as titles, labels, scales, and keys for instance; then move back 
to the meaning of the whole text (whole-part-whole approach, Stoicheva, 2000).  
Focus on and highlight important parts of the text. 
Consider the meaning of technical mathematical language and language which is used 
differently in mathematics and other contexts (Rubenstein, 2007; Zevenbergen et al., 2004). 
Cautiously consider the meaning of scales on the axes. 
Draw on prior knowledge of familiar visuals to scaffold understanding of unfamiliar visuals. 
Give special attention to deciding whether directionality in reading a visual is important.  
Consider whether information in a visual needs to be understood or used in combination 
with information in prose for instance.  
Consider information gained by reading directly from a mathematical visual, information 
gained by reading between the data such as by comparing data points or investigating 
relationships in the data and information gained by reading beyond the data, which can 
include making predictions, inferences, extrapolations (Monteiro & Ainley, 2003b). Use of 
all three categories encourages deeper meaning making of the text. Use of graphs with no 
scales and units on the axes can encourage learners to focus on the meaning of a graph and 
develop abilities to read between and beyond the data (Ontario Ministry or Education (n.d.). 
When encoding data, ensure careful choice of the type of representation. Note that a bar 
graph is not always an appropriate choice. Matching graph-types with data-sets can be a 
useful scaffolding step. 
Also when encoding, consider factors mentioned above such as use of comprehensive titles, 
labels, keys, and scales, issues of directionality, and information in visuals and prose. 
Extend understanding by varied and repeated practice, including a focus on more 
complicated graph-types such as stem-and leaf plots. 
Text 
using 
Think about the context of the tables and graphs. Context plays a crucial role in a reader’s 
comprehension of the content of visuals, which may be affected by the reader’s prior 
experience and cultural background (Avgerinou & Petterson, 2011). Careful consideration 
of the context can minimise problems that may be related to the contexts that underpin 
graphs (Monteiro & Ainley, 2003b). 
Extend understanding by considering diverse, carefully chosen examples of tables and 
graphs from various sources including everyday sources (Watson, 2000a; Watson & 
Callingham, 2003). Examples include tables and graphs from the media such as visuals of 
banking information or exchange rates or bus timetables.  
Design tables and graphs for various purposes. 
Extend understanding by including encoding and decoding of representations for varied 
purposes 
Critically 
analysing 
Consider the purpose of the text and identify possibly misleading elements or factors which 
contribute to misleading messages being given. For instance, the title, use of 3D bars, 
different colours and widths of bars, y-axis starting at a non-zero number, and use of limited 
information, all contribute to bias in the messages given to the reader.  
In terms of encoding of mathematical visual images, represent all facts and only given facts 
to ensure a complete and unbiased representation (Mackinlay, 1999). However, this fails to 
highlight all the factors that may cause bias in a representation, some of which  
are mentioned in the aforementioned point. 
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Appendix E: Knowledge framework 
Knowledge Heuristic (Pedagogical Content Knowledge Framework) Based on Chick 
et al. (2006), Frid and Sparrow (2009), Livy and Vale (2011), Mishra and Koehler 
(2006), Norton (2010, 2012), Shulman (1986, 1987), Zevenbergen (2005)     
Content knowledge includes knowledge of: 
- Subject content including key facts, concepts, rules, theories, procedures 
- Curriculum, programs, rich learning activities, and resources that support the curriculum 
- Knowledge of the importance of a section of the content and how it relates to other sections 
within and without the subject. 
 
Pedagogical knowledge (which transcends subject matter) and includes knowledge of classroom 
techniques, goals of teaching, and maintaining student focus: 
- Methods, practices, processes and aims of teaching and learning 
- Classroom management 
- Learning activities and teaching strategies  
- Ability to articulate the use of certain methods and explain how they would foster learning 
- Use of teaching resources 
- Use of technologies 
- Knowledge of use of authentic materials in teaching and learning 
- Understanding of assessing knowledge 
- Understanding of how students develop a positive attitude to learning 
- Knowledge of education literature (cognitive, social, and developmental theories) 
 
Pedagogical content knowledge – Often activities incorporate a combination content and pedagogical 
knowledge: 
Knowledge of teaching strategies 
- Includes knowledge of how content matter is prepared for teaching and adapted to meet 
diverse needs in terms of organisation, modification, pacing, sequencing, the use of varied 
methods   
- Use of explanations, demonstrations, analogies, examples and counter examples, and 
response to students’ queries 
- Solving problems and modelling solutions 
- Use of suitable explanations and activities for the given audience 
Use of representations and resources 
- Knowledge of different ways of representing and illustrating to scaffold learning  
Understanding of student thinking and misconceptions 
- Knowledge of what makes content easy or difficult for learners  
- Understanding of learners’ prior knowledge including misconceptions 
- Understanding of students’ learning styles 
- Understanding of cognitive demands 
Deep knowledge of mathematics 
- Knowledge of links between topics or concepts, and ability to separate content into 
components 
- Demonstration of a knowledge of mathematics concepts and cases specific to a subject area 
Curriculum knowledge 
- Knowledge of how content fits into curriculum 
 
Technical content and technical pedagogical knowledge: 
- Use of technology to introduce mathematics content 
- Use of technology to enhance pedagogy for instance use of discussion boards.  
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Appendix F: Reflection questions 
 
Reflection questions based on Chamberlin (2009): 
1. Describe your own experiences in the learner role. 
2. What was interesting or useful/difficult/easy about the activity? What 
hindered/scaffolded your learning? Describe your area of maximum 
learning. How could learning be improved? Do you have any other 
thoughts about the learning? 
3. How do you expect your learning to impact on your future teaching of 
literacy in mathematics? 
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Appendix G: Social constructivism 
 
Heuristic for social constructivist activities based on Frid and Sparrow (2009), 
Hunter (2006, 2007), Ryve (2004), van Garderen (2004) and others. 
 
Scaffolding to provide skills and strategies occurs by: 
- scaffolding steps 
- modelling strategies 
- scaffolding conversations 
- provision of rich tasks  
- use of concept mapping  
- linking and extending ideas 
- use of heuristics 
- discussion of learners misunderstandings 
- provision of feedback  
- use of portfolios 
- other 
 
Reflection to ensure meaningful learning by: 
- reflections on activities 
- reflections on after-session readings 
- inclusion of reflections in portfolios 
 
Collaboration to encourage combined construction of knowledge by: 
- think-pair-share sessions 
- construction of group concept maps 
- feedback 
- problem-solving steps – reciprocal teaching 
- collective argumentation 
- games 
- other 
 
Articulation to encourage communication skills and to aid the consolidation of 
knowledge by: 
- inclusion of in-class verbal activities 
 
Contextualisation to help to integrate knowledge (learning projects), which Frid and 
Sparrow (2009) proposed met the demands of constructivist teaching. 
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Appendix H: Ethics and background information 
 
 
 PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
Development of a program to enhance pre-service teachers’ knowledge of literacy in mathematics . 
 
RESEARCH TEAM  
Principal Researcher: Lorna Quinnell, EdD student, QUT  
Associate Researcher: Dr Bronwyn Ewing and Dr Radha Iyer 
DESCRIPTION 
This project is being undertaken as part of EdD study for Lorna Quinnell. 
The purpose of this project is to develop and investigate the impact of a series of learning sessions on literacy in mathematics. The 
participants will be a group of 12 Graduate Diploma in Education: Primary: P-7 students. 
As a Graduate Diploma in Education: Primary: P-7 student, you are invited to participate in this project. 
PARTICIPATION 
Your participation will require attendance of three, two and a half hour learning sessions at QUT, Kelvin Grove, followed by a 
reading for each. Sessions will be held in Semester 2 at times which will be arranged to fit conveniently into your program.  
Thurs 1 Aug 2013         8:30 – 11am or 12:30 – 3pm 
Thurs 8 Aug 2013        8:30 – 11am or 12:30 – 3pm 
Thurs 15 Aug 2013      8:30 – 11am or 12:30 – 3pm 
Extra voluntary session:   Thurs 22 Aug 2013        8:30 – 11am  
 
During the research data will be collected from the learning sessions via observations, audio-recording of parts of the sessions, a 
group and class discussions, and from the contents of worksheets and activities. For example, some indication of the activities in 
the learning sessions is described below: 
Learning session 1 will incorporate hands-on activities in order to identify the special language of mathematics. Also included in 
the learning sessions will be an introduction of pedagogies, including use of computers, with the aim of building knowledge of 
terminology in mathematics. Vocabulary introduction strategies such as verbal and visual word association diagrams and a method 
of using set steps for introducing vocabulary will be used. 
Your participation in this project is entirely voluntary. If you do agree to participate you can withdraw from the project without 
comment or penalty. If you withdraw on request any identifiable information already obtained from you will be destroyed. Your 
decision to participate or not participate will in no way impact upon your current or future relationship with the institution (for 
example your grades). If you choose to participate you are free to make the decision not to answer specific questions in the 
learning sessions if you choose to do so. 
EXPECTED BENEFITS 
The sessions will help to develop your knowledge of literacy in mathematics. They will benefit you directly by providing you with 
knowledge and experience which will help you in the teaching of mathematics.  Those who participate will be given a certificate of 
participation for use in job applications. In addition to benefitting participants’ knowledge, the current research will also feed into 
the body of knowledge about effective mathematics teaching practices. 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this project. 
PRIVACY AND CONFIDENTIALITY 
All comments and responses during the learning sessions will be treated confidentially. The real names of individual persons will 
not be included in any of the research findings. Participants will be given an opportunity to verify their comments and responses 
via email, prior to final inclusion in the research results in the form of an EdD or journal articles. Only the researchers will have 
access to the research data, which will be destroyed after 5 years. 
CONSENT TO PARTICIPATE 
If you decide to take part you will be given a copy of this information sheet and you will be asked to sign the consent form below 
at your introductory lecture on 24 July 2013 or at the beginning of the first learning session. Signed permission is required before 
any research can take place. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information please contact one of the research team members below. 
Lorna Quinnell; EdD student, QUT Dr Bronwyn Ewing 
Lecturer of Education Charles Darwin University, Darwin Faculty of Education – QUT  
3342 4881 or 0403735168 07 3138 3718 
lorna.quinnell@student.qut.edu.au bf.ewing@qut.edu.au 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
….. 
Thank you for helping with this research project.  Please keep this sheet for your information. 
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 CONSENT FORM FOR RESEARCH PROJECT 
Development of a program to enhance pre-service teachers’ knowledge of literacy in mathematics.  
 
RESEARCH TEAM CONTACTS 
Lorna Quinnell; EdD student, QUT Dr Bronwyn Ewing 
Lecturer of Education Charles Darwin University, Darwin Faculty of Education – QUT  
3342 4881 or 0403735168 07 3138 3718  
lorna.quinnell@student.qut.edu.au bf.ewing@qut.edu.au 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 Have read and understood the information document regarding this project. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Research Ethics Unit on 31385123 or email ethicscontact@qut.edu.au if you have 
concerns about the ethical conduct of the project. 
 Understand that the project will include audio recording. 
 Understand that non-identifiable data collected in this project may be used in journal articles or as comparative data in 
future projects. 
 Agree to participate in the project. 
 
Name  
Signature  
Date   
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Background information 
 
Name: 
Mobile number: 
Email address: 
Predominant home language: 
Discuss very briefly your previous work experience: 
 
 
 
How would you rate your mathematics ability? 
 
 
 
 
Explain in a few paragraphs the role that literacy plays in mathematics teaching and 
learning. Give some examples? 
 
 
 
 
 
 
 
 
 
Note: If you have a laptop, ipad, etc., please bring it to the learning sessions. If not, 
laptops will be supplied. 
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Appendix I: Research participants (Pseudonyms used) 
 
Participants 2012 Group A 
Pseudonym Some details of sample diversity 
Taylor Female in twenties, Australian descent, qualification Bachelors 
degree  
Olivia Female, mature aged, English descent, qualifications in 
physiotherapy and master of business administration, previous work 
as physiotherapy and administration 
Verna Female in twenties, Australian descent, qualifications include 
Bachelor of Arts in history and literature, previous work as library 
assistant 
Hettie Female, mature aged, qualifications Bachelors degree, Australian 
descent, varied previous work 
Fred Male in twenties, Australian descent, qualifications Bachelors degree  
Carol Female in twenties, Australian descent, qualifications Bachelors 
degree, varied previous work 
 
Participants 2013 Group B 
Pseudonym Some details 
Silvia Female, mature aged, from England, qualification Bachelor degree, 
work in telecommunication and education 
Betty Female in twenties, qualifications Bachelors degree, Australian 
descent, some work in retail and administration 
Douglas Male, mature aged, from England Engineering degree, previous work 
in Engineering, 
Marie Female, mature aged, Australian descent, qualification Bachelor 
degree, work in banking and as a teacher’s aide 
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Participants 2013 Group C 
Pseudonym Some details 
Molly Female in twenties, Australian descent, qualification Bachelor 
degree, work in financial administration and child care 
Sally Female in twenties, Australian descent, qualifications Bachelors 
degree in Health Science, work in administration and nutrition 
Sunita Female in twenties, Indian descent, qualifications Bachelor degree, 
work in retail 
Wen Female in twenties, Chinese descent, qualification Bachelor degree, 
work in retail 
Pamela Female in twenties, Australian descent, qualification Bachelors 
degree, work in hospitality and childcare 
Helen Female in twenties, Australian descent, qualification Bachelor degree 
Morgan Female in twenties, Australian descent, qualification Bachelor 
degree, work in tailoring and pattern making 
Hayden Female in twenties, Australian descent, qualification Bachelor 
degree, work in hospitality and childcare 
 
Participants 2013 Group D 
Pseudonym Some details 
Kim Female in twenties, Australian descent, qualification Bachelor 
degree, some work in retail and food 
Casey Female in twenties, Australian descent, qualification Bachelor 
degree, limited work as tutor 
Michelle Female in twenties, Australian descent, qualification Bachelor 
degree, varied work in training, reception, management 
Toni  Female in twenties, Australian descent, qualification Bachelor 
degree, some work in retail and food 
Cynthia Female in twenties, Australian descent, qualification Bachelor 
degree, some work in retail 
  
Note. The researcher was an additional participant in both 2012 and 2013. She was a 
mature-aged female who had spent her life in South Africa, New Zealand, and Australia 
and had worked in most levels of education including: schooling, technical college, and 
university education sectors. 
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Appendix J: Learning sessions 
          
Learning Session 1     Initial: 
Introduction to literacy demands of mathematics, vocabulary introduction 
strategies, use of digital text, focus on measurement and geometry. 
 
Completion of paperwork-ethics clearance and background information 
 
1. Complete the following questions individually (purple pen). Then as a class 
discuss the literacy demands of the questions by comparing them to the simplified 
four resources heuristic based on Freebody and Luke (2003) (Appendix A). 
a. A postage company uses the formula below to calculate parcel sizes. 
size = depth (d) + height (h) + length (l) 
The maximum size allowed for parcels is 110 cm.  
Suppose you need to post the following four 
parcels. Are any of them too big? Explain. 
 
Parcel d (in cm) h (in cm) l  (in cm) 
A 35 45 35 
B 25 20 45 
C 20 50 40 
D 25 35 35 
 
length depth 
height 
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b. The picture shows a sign that restricts parking in a certain street.  
Would it be legal to park in this zone for 2.5 hours on a  
Saturday at 10:00 a.m.? Explain.  
 
 
 
 
c. The following graph, showing growth of money due to interest, was used by a 
bank to advertise a savings Life Saver account. 
Life Saver 
Watch Your Money Grow! 
 
 
 
  
 
What does the graph show about the Life Saver account? 
 
Is the graph misleading in any way? 
 
 
2. Construct a concept map of literacy demands of mathematics (individual – purple 
pen, then collaborative – blue pen).  
 
  
2 Hour 
Parking 
8.30AM-6PM 
MON-FRI 
8.30AM-12PM 
SAT 
  
 
 
 
 
00  
 
Year 
 2010      2011 
Money/
$ 
 
105 
100 
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3. Card activity (collaborative)  
Categorise the following and explain your choice of categories: 
3D, mm, NE, 43, perpendicular symbol   , common denominator, denominator, 
rectangle, hypotenuse, scale, lowest common multiple, factorise, 2.87, round, 
square, +, solve, %, estimate, gallon, Fahrenheit, tonne, altogether, convert, 
simplify, mile, acre, metre, deduct, inch, kilogram, hectare, ton, centimeter, 
perpendicular, multiple, more, difference. Also included were two geometric 
drawings and a histograph, frequency graph, box and whisker graph, stem-and-leaf 
plot, and a dot plot, and a picture of a car and an angle sign. 
 
4. Class discussion on:  
o Multiple meanings in words such as scale, round, square, solve, 
convert, simplify, difference, factor, multiple and of learners’ 
increasing understanding of words such as half, rectangle 
o Use of key words e.g.,  altogether, more, difference 
o Words unique to mathematics e.g. perpendicular, denominator, 
hypotenuse, factorise 
o Use of words and symbols for metric and non-metric units 
 
5. Add (blue pen) to concept map of literacy demands of mathematics 
(collaborative) 
 
6. Language in the measurement and geometry strand: 
 
a. Draw a concept map to depict the physical attributes and units and symbols – and 
write about the contents of the concept map (Miller et al., 2009) - individual then 
class (Vanides et al., 2005), purple then blue pen. 
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b. (This activity may be omitted). Fill in the tables below in which squares and 
rectangles are compared (Renne, 2004) - individual then collaborative, purple then 
blue pen. 
 Square Rectangle 
Similarities  
 
 
Differences  
 
 
 Square Rectangle 
Descriptions  
 
 
Definition  
 
 
c. Use of dictionaries such as Jenny Eather dictionary: 
http://www.amathsdictionaryforkids.com/ 
Without looking up the words below, describe fully the meaning of the words and 
the difference between the pairs/groups of words (purple pen).  State if you are not 
sure of the meanings of the words. Discuss and look up the meanings of the words 
in the mathematics dictionaries (Anderson et al., 2008; Eather, 2011) and modify 
your original descriptions in blue (individual then group work). 
o Radius/diameter/circumference 
 
 
 
 
o Perimeter/area/volume 
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Class discussion about: 
o use of prefixes in mathematics e.g. diameter/circumference/ 
perimeter – see Origo handbook (Anderson et al., 2008) 
o words with different meanings in English and mathematics e.g. 
volume 
 
d. Modified word meanings. Describe the following as fully as possible (purple pen, 
individual work). Modify your first effort with scaffolding from others and from 
mathematical dictionaries (blue pen, group work) 
o Right-angled triangle 
 
 
 
 
o Isosceles trapezium 
 
 
 
Class discussion about: 
o use of prefixes in mathematics such as those in triangle, hexagon, 
isosceles – see Origo handbook (Anderson et al., 2008) 
o use of words with different meanings in English and mathematics e.g. 
right, regular 
o words unique to mathematics e.g. isosceles, hexagon, trapezium 
o modified word meanings 
 
 
e. Collaboratively categorise the given 2D and 3D shapes (group work) 
 
 362 Literacy in mathematics in preservice education 
f. Categorise 2D and 3D shapes by drawing a concept map (Barton et al., 2002; 
Shield, 2004). Use purple and then blue pen - individual then group work (Vanides 
et al., 2005). Time will not allow us to write a few paragraphs on the contents of 
your concept map in this case.  
 
g. (This activity may be included in Session 3 rather than Session 1). Concept map on 
transformations (collaborative) – Construct a concept map of the included terms 
and diagrams which are supplied on individual cards.  
Transformations and tessellations 
tessellation and diagram of a tessellation,  
reflection, flip,  line symmetry, axis of symmetry, mirror line, axis of reflection, 
diagram of reflection 
rotation, turn, rotational symmetry, centre of rotation, angle and direction of 
rotation, and diagram of rotation 
translation, slide, diagram of translation, congruent 
enlargement, reduction, diagram of enlargement, similar. 
 
Class discussion about: 
o prefixes e.g. trans 
o mathematics words e.g. tessellation, congruent,  
o words with similar meanings in everyday English (e.g. reflection, 
rotation) or different everyday meanings (e.g. similar, translation, 
transformation) 
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h. Collaborative class work - Scaffolding of the meaning of words such as 
tessellation, regular polygon, hexagon, and vertex with verbal and visual word 
association diagrams (four-square model) – tessellation, regular polygon (include 
categories term, definition, picture, and association), or games - hexagon (such as 
shape detective, yes/no game for describing hidden shape in a bag), or user-friendly 
steps – vertex, regular (encouraging students to suggest user-friendly definitions, 
then proceeding on to discussion of the different meanings of the word (e.g. 
regular) and activities which promoted deep processing of the new terminology 
(Pierce and Fontaine, 2009)). 
 
Answer the questions below (individually) – purple pen. Then in groups, with help of 
the given websites, manipulatives, and modify your answers in blue. Use the 
scaffolding prompts: represent, compare, explain, justify, agree (Brown & Renshaw, 
2006). 
o Name 5 polygons which tessellate. 
 
o Which regular polygons tessellate? 
 
o  Explain why some regular shapes tessellate and others do not. 
 
 
 
 
 
o Describe some semi-regular tessellations. 
 
 
 
 
o Where are tessellations used? 
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Use websites and manipulatives (geoboards, and stencils and actual shapes) 
See http://nlvm.usu.edu/     Refer to Geometry then Tessellations.  
See http://coolmath4kids.com/tesspag1.html# on Tessellations. 
Write your answer to Question 3 in a few paragraphs 
Then refer to  
 http://euler.slu.edu/escher/index.php/Tessellations_by_Polygons 
See 7 on Escher work  
See if you can add to your original answer. 
 
7. Reflection on activities  
 
8. After-session reading – Kotsoupolos (2007)  
Comment on the article with the use of Borasi et al.’s (1998) method – Using 
Cards  
 Using a series of cards (about 6 x 10 cm), make comments on the contents of 
the article.  For instance list your thoughts or comments, questions, and 
reactions or connections. Different coloured cards can be used for different 
ideas.  
 Review the content of the cards and sort them if it leads to greater 
understanding. 
 
9. Learning session write-up  
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Learning Session 1 reflection    Initial: 
 
Please rate the classroom activities in terms their value in your learning and future 
teaching. 
Learning activity Very 
useful 
Useful Satisfactory Limited 
use 
Not useful 
Card activity – 
literacy in 
mathematics 
 
     
Concept map – 
literacy in 
mathematics 
 
     
Tables on 
similarities, 
differences, 
descriptions, 
definitions 
     
Definitions and 
dictionaries 
 
     
Visual and verbal 
word association 
diagrams (four-
square model) 
 
     
Categorisation of 
actual shape 
 
     
Concept map on 
shape 
 
 
     
Card activity on 
transformations 
 
     
Scaffolding for 
answering 
questions by 
websites, prompts, 
and manipulatives  
     
  
 366 Literacy in mathematics in preservice education 
Reflect on the learning in the session in terms of  
1. What you found interesting or useful/difficult/easy about the activities. What 
hindered/scaffolded your learning. Possible improvements and other thoughts 
about the learning. 
2. How you expect your learning to impact on your future teaching of literacy in 
mathematics. 
 
 your understanding of the meaning of literacy in mathematics 
 
 
 
 
 
 issues which create problems for students in terms of literacy in mathematics 
 
 
 
 
 
 the use of concept mapping or concept mapping followed by an explanation 
 
 
 
 
 
 answering questions with scaffolding from others, and use of websites, 
manipulatives, books 
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Learning Session 2     Initial: 
Symbols, problem solving, and multiple representations, reading, writing, viewing, 
use of authentic and digital text. 
Symbols and word questions (Complete individually - purple, then class discussion - 
blue): 
1. Evaluate (4 × (2+3))3  
2. A Year 5 teacher asked her students to determine the value of the following 
calculation on their calculators: 
 
The class was surprised to find that some student calculators gave a result of 14, 
while others gave a result of 20. Which is correct? Explain why the two answers 
were obtained and how you would avoid the incorrect answer. 
 
 
3. If you are asked to find the value of the following expression without a calculator 
which would you calculate first? 
30 – 14 × 916  
30 – 14  B.  14 × 16       C.  16 + 9   D. 16 + 9  
4. Classify each of the following as true or false where a and b are positive whole 
numbers.  
a × b = b × a     
5 + a > a     
a2 < a  
a – b ≠ b – a 
    
a2 + b2 = (a + b)2      
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5. Suppose a number x is subtracted from 5 and the result multiplied by 7 to give an 
answer of 48. Write an equation to represent this.  
 
6. The dimensions of a rectangle are length = 7 cm and width = 5 cm. Calculate the 
perimeter of the rectangle given that the perimeter P = 2(L + W). Show your 
working.   
 
7. The dimensions of a triangle are base b = 10 cm and height h = 6 cm. Calculate 
the area of the triangle given that the area is given by A = 
2
hb
 
Show your working.   
8. A group of 29 athletes were participating in high jump. 
The height which each student jumped is depicted below. 
Height (cm) 
9 4  5   
8 2  5  6   
7 1  4  7  9     
6 2  3  5  6  6  8  9 
5 5  5  7  8  9  9 
4 3  4  6  9 
3 2  8  9 
 
                                                                                     7 │ 5 means 75 
  
What is the maximum height jumped? 
  
 Appendices 369 
9. Write three statements in symbolic notation to represent the shape below. 
 
 
10. Word questions (individual then collaborative) 
a. A sale item is marked $30, which is 25% off the starting price. What was the 
starting price? 
 
 
b. Henry puts cards into 4 equal piles. Each pile has 20 cards. How many cards does 
Henry have altogether? (ACARA, 2010, p. 6) 
 
Discussion of preservice teachers’ challenges with mathematical codes 
 
Probabililty card game: Matching words, numerical probability and examples: 
Words impossible, certain, very likely, even chance, likely, unlikely, very unlikely. 
Numbers 0, 0.25, 0.5, 0.75, 1 and some fractions. Examples: If you drop a rock in 
water it will sink, the cow will jump over the moon, the sun will shine tomorrow, 
you will have two birthdays this year, you will go to bed after 12 midnight tonight, if 
you throw a coin you will get a head, an Australian older than 75 years is a male, an 
adult is colour blind, night will fall, a coin lands ‘heads’, it will rain tomorrow.  
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Problem solving 
1. (Class use of the scaffolding heuristic: Appendix D). Then allow students to do 
problem individually then in groups then as a class discussion (purple then blue 
pen) 
Old Mc Donald has 14 animals (ducks and sheep). Altogether the animals have 40 
legs. How many ducks and how many sheep does he have? Use multiple methods to 
solve the problem making sure the solution is logically and well presented. Notice 
that a question like this can be used at many different stages of schooling. 
               
 
 
2. Individually then in groups (purple then blue pen) 
a. Old McDonald had 36 m of fencing. He planned to fence an enclosed rectangular 
area for his chickens. What is the maximum area that Old McDonald can fence with 
36 m of fencing?  Use multiple methods to show your solution, making sure that the 
solutions are logically presented. 
b. What do you notice? Your observation could be checked by repeating the 
problem with other lengths of fencing such as 100 m.  
c. Suppose an estate agent is selling you a piece of land 125 m by 75 m. The 
brochure states that the perimeter is 400 m and the price per metre $1000 
therefore the price for the property is $400 K. Discuss this critically by referring to 
your answer in b. 
(Note: Previously, in some civilizations, pricing of land was based on the number of 
paces along the perimeter of a shape). 
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Transformation card activity 
Construct a concept map of the included terms and diagrams which are supplied on 
individual cards (Group work).  
Transformations and tessellations 
tessellation and diagram of a tessellation,  
reflection, flip, line symmetry, axis of symmetry, mirror line, axis of reflection, 
diagram of reflection 
rotation, turn, rotational symmetry, centre of rotation, angle and direction of 
rotation, and diagram of rotation 
translation, slide, diagram of translation, congruent 
enlargement, reduction, diagram of enlargement, similar. 
 
3. Averages (Class work a-e then group work f-g) 
a. What is your understanding of the word average? 
b. How do these compare with other students’ understandings of the word average 
which will be discussed in the learning session? 
Discussion of students’ statements about average.  
c. Discuss the meaning of words: mean, median and mode. Are they equal? Scaffold 
with verbal and visual diagrams (four-square model). 
d. Write some comments about Mr and Mrs Average with reference to the four 
literacy competencies of the four resources model (Freebody & Luke, 2003; Stack et 
al., 2010)-heuristic (Appendix A) 
e. What are some of the problems of using a mean to represent the middle of a 
data-set? 
f. Toss two dice twenty times and record and represent the sum of the two dice in 
multiple ways. Find the mean, median, and mode of the sum of the two dice. 
Comment on the three answers. Include a reference to the number of trials.  
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g. Using your results from f, find the experimental probability of getting a sum of 7 
when two dice are tossed. Compare this with the theoretical probability of getting a 
sum of 7. Explain. 
Class discussion about: Number of trials, possible outcomes, outcomes, 
experimental probability, theoretical probability. 
4. (Group work) You have a family emergency in Auckland and need to fly there 
asap. Assume that you can get to the Brisbane airport by 12 midday today. Use the 
website ita matrix software below to find a round trip to Auckland which takes off 
today. Assume that you are spending one week in Auckland.  
http://matrix.itasoftware.com/#session=ed3b4f95-dcb2-48b0-86e4-3746de96b24d 
a. Name the airline company which you chose and discuss why you chose the flight 
that you did. 
b. Discuss the flight time and arrival time and date. Compare this with your time of 
departure and explain why it appears to take about 6 hours to reach Auckland.  
c. Critical literacy involves identifying parts of text which may lead to bias because 
of text omitted or emphasised for instance.  What misleading elements may you 
find in similar websites. 
d. Also look up and discuss the weather conditions in Auckland so that you are 
prepared for the current weather conditions in the city. 
e. Use the currency converter  http://themoneyconverter.com/AUD/NZD.aspx  to 
find out how many NZD$ you will get for every AUD$100 
(Depict this information in a table, graph, and equation if time allows).  
Talk about: 
o 12 midday 
o NZD$ and AUD$ 
Assessment of activities and reflection questions 
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After-session reading – Zazkis (2009)  
Comment on the article with the use of Borasi et al.’s (1998) method – Using 
Cards  
 Using a series of cards (about 6 x 10 cm), make comments on the contents of 
the article.  For instance list your thoughts or comments, questions, and 
reactions or connections. Different coloured cards can be used for different 
ideas.  
 Review the content of the cards and sort them if it leads to greater 
understanding. 
            
 L earning session write-up.  
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Learning Session 2 reflection    Initial: 
 
Please rate the session activities in terms of their value in your learning and future 
teaching. 
Learning activity Very 
useful 
Useful Satisfactory Limited 
use 
Not useful 
Previous weeks 
reading and Borasi 
et al. (1988) 
method 
     
Questions on 
symbols 
     
Card activity on 
probabilities 
     
Card activity on 
transformations 
     
Four resources 
heuristic for 
problem solving 
     
Use of varied 
representations 
     
Use of websites 
 
     
Reflect on the learning in the session in terms of  
1. What you found interesting or useful/difficult/easy about the activities. What 
hindered/scaffolded your learning. Possible improvements and other thoughts 
about the learning. 
2. How you expect your learning to impact on your future teaching of literacy in 
mathematics. 
Focus on  
- use of symbols and abbreviations in mathematics 
 
 
 
- the use of four resources heuristic for problem solving 
 
 
 
- individual then collaborative activities    
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Learning Session 3     Initial: 
Mathematical representations and critical analysis in mathematics with a focus on 
use of authentic text, reading and writing. 
Starter: Matching card activity: trapezium/2D, impossible/zero, average/middle, 
decimal/percentage, operation/division, millilitre/measurement, cuboid/3D, 
Chance/probability, rotation/transformation, statistics/data, discrete data/bar 
graph, continuous data/histogram, difference/subtraction 
Encoding 
Do encoding and matching problems individually then in groups (purple then blue 
pen) 
1. The following information represents marks for a mathematics test. Depict the 
data in multiple ways with an inclusion of all necessary information. Try to do this as 
quickly as possible. 
90, 17, 100, 79, 89, 96, 84, 71, 68, 84 
2. The price of bananas is $2/kg. Represent the information in multiple 
mathematical ways. Think of the different semiotic systems in mathematics. Use 
your representations to find the price of 2.75 kg of bananas. 
3. Who says education costs?  2009 Education Costs 
Below are the estimated average yearly costs per child for High School Education in 
New South Wales and Queensland. (The figures give an estimate of what parents 
are expected to spend on a single child for one year at high school in different 
states). Source: Australia Scholarships Group 2008 
High School (yearly average) 
National $Public Schools $Private Schools $Catholic Schools 
QLD $5 167 $18 251 $13 698 
NSW $6 011 $24 449 $10 277 
National Average $5 938 $22 436 $12 144 
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Show roughly how you would depict the information on a graph (include all the 
necessary labels). 
Write some sentences about the meanings shown by the information. Utilise the 
four resources model (Appendix A). 
4. An airline company gave the following figures for number of passengers in 2010 
(rounded to nearest 500). 
First quarter Second quarter Third quarter Fourth quarter 
50 000 60 000 65 000 75 000 
 
a. Plot this information on a graph.  
b. Now suppose the airline company has enlisted you to design an advert which 
shows the above figures. Modify your graph to enhance the company’s successes. 
c. What is your prediction of number passengers in the last quarter of 2011? 
Explain. Is the trend likely to continue? Explain. 
Matching data and graphs 
Matching cards - collaborative: Match each of the groups of data below with a 
graph-type, (tree diagram, pie graph, Venn diagram, line graph, histogram, scatter 
plot, box plot). Explain your answer in terms of why you chose the specific graph-
type for each set of data. You may wish to use the words continuous, discrete 
(categorical variable), one variable, two variables.    
o Conversion graph – Inches and centimetres 
o Heights of 15 children in a class (137 – 160 cm). 
o Children’s favourite milk drink flavours (%). 
o Possible outcomes when a coin is tossed twice 
o Friday morning quiz results (week 1, 2 and 3) 
o Diagram to depict the number of people with blue eyes and blonde 
hair 
o Physical inactivity verses obesity 
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Decoding  
Do the problems individually then in groups (purple then blue pen) 
Write 2-3 sentences about the meaning of each graph. 
1. “There are many lost dogs and cats in an animal shelter. This diagram shows the 
number of dogs compared with the number of cats. Write a sentence of English that 
gives the same information as the diagram” (based on MacGregor, 2002, p. 82). 
 
 
 
2. Examine the following graphs collected from different media sources with the 
aim of uncovering their meaning.  
a. Average height of trees (based on Wall & Benson, 2009, p. 87) 
 
 
Dogs        Cats
Blue Spruce    White Pine    Douglas Fir
100
80
60
40
20
Height 
in feet
Types of trees
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b. Class marks 
 
(based on Wall & Benson, 2009, p. 87)  
Compare the fraction of the class 3 who achieved more than 65% with the fraction 
of class 2 who achieved more than 78%.  
 
 
c. Susan’s journey from 8 a.m. to 3 p.m. 
 
(See Lowrie and Diezmann 2009) 
 
 
 
40 50 60 70 80 90 100 110
Class 2
Class 1
Class 3
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3. Examine the following graphs collected from different media sources with the 
aim of uncovering their meaning. Write a few sentences about the meaning of each 
graph. Make use of four resources heuristic for decoding/encoding graphs 
(Freebody & Luke, 2003) (Appendix D). The first graph is done with the help of the 
researcher and the second more independently as suggested by Meaney et al. 
(2009) in their model of scaffolding writing (Mathematics Register Acquisition 
(MRA) model, p. 22).  
Median travel time to work 
Data from Quest Newspaper YourVote 
online survey of more than 2300 
respondents (Rodney, 2012, February 2) 
 
Public health system at ‘breaking point’ 
Data from Quest Newspaper YourVote 
online survey of 2773 respondents in 
Australia (Davis, 2012, February 16) 
 
 
4. Total deaths and serious injuries in Warwickshire 
 
 
 
 
 
 
 
 
 
Graph reprinted from Quality of life in Warwickshire, September 2001, pp. 93-94 
(Monteiro & Ainley, 2007) 
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Reading the data questions: What is the lowest actual death and serious injury rate 
in a year between  1994 and 2000? 
Reading between the data questions: Between 1994-1995, and 1997-1998, there 
was a decline in the number of deaths and serious injuries. Which period represents 
the greatest decline?  
Reading beyond the data questions: What is your prediction for death rate and 
serious injury in 2001? If the targets for 2000-2010 were met, what do you think the 
pattern might be for 2010-2020? 
Critical analysis: Critically analyse the graph for purpose, possible bias, or 
misrepresentation (See Whitin & Whitin, 2008 heuristic). 
  
         
 
 
A concept map will be supplied to the participants to highlight the differences and 
similarities of the different graph-types and examples/non-examples of their 
applications.  
 Assessment of activities and reflection questions 
 
 After-session reading on representations (Chick, 2004) 
 
 Learning session write-up  
 
 Questionnaire after teaching practice and member checking. 
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Learning Session 3 reflection    Initial: 
 
Please rate the session activities in terms their value in your learning and future 
teaching. 
Learning activity Very 
useful 
Useful Satisfactory Limited 
use 
Not useful 
Previous week’s 
reading and Borasi 
et al. (1988) 
method 
     
Matching card 
activity-matching 
words from 
mathematics 
     
Encoding, 
decoding, and 
matching graphs 
     
Matching card 
activity – different 
type of graphs 
     
Graphs from 
media 
 
 
    
Four resources 
heuristic for 
graphs 
     
Reflect on the learning in the session in terms of  
1. What you found interesting or useful/difficult/easy about the activities. What 
hindered/scaffolded your learning. Possible improvements and other thoughts 
about the learning. 
2. How you expect your learning to impact on your future teaching of literacy in 
mathematics. 
Focus on  
- use of four resources model for encoding/decoding text including graphs 
 
 
 
- critical analysis of  graphs and representations 
 
 
 
- Meaney et al’s steps for writing  
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Extra activities: 
Hail Mary ... fall from grace. How they stand?   (MX Newspaper, 2012, Tuesday 
July 31, p. 11) 
 G S B T 
China 9 5 3 17 
USA 5 7 5 17 
France 3 1 3 7 
North Korea 3 0 1 4 
Italy 2 4 2 8 
South Korea 2 2 2 6 
Russia 2 0 3 5 
Kazakhstan 2 0 0 2 
Japan 1 4 6 11 
Australia 1 2 1 4 
 
Data collated by the MX Newspaper and printed under the above title. 
Discuss with reference to the four resources model (Appendix A). 
Mr and Mrs average Tasmania 
 
Mr Average 
The average Tasmanian male 
Ms Average 
The average Tasmanian female 
• 33 years of age 
• Married 
• Has at least 1 dependent child 
• Has a weekly income of $352 
• Works 40 hours per week 
• Has a monthly mortgage of 
$581 
• Does 4 hours, 19 minutes of 
housework per week 
• Has 22 hours, 38 minutes of 
passive leisure activities 
• Is more likely to attend a  
Sporting event than the 
cinema, museum or art gallery. 
• 34 years of age 
• Married 
• Has at least 1dependant child 
• Has a weekly income of $199 
• Works 32 hours per week 
• Has a monthly mortgage of 
$581 
• Does 17 hours, 9 minutes of 
housework per week 
• Has 21 hours, 42 minutes of 
passive leisure activities 
• Her favourite participatory 
sport is aerobics. 
 
 
From Stack, Watson, Hindley, Samson, & Devlin (2010, p. 13). Originally in 
Stevenson (1998) 
Discuss with reference to the four resources model (Appendix A). 
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Shopping and taxes 
 
a. A pair of shoes is on sale in two different shops. At shop A the normal cost of 
the shoes is $160 and at shop B the same shoes cost $120.  
 
During week 1 shop A reduce the price of the shoes by 25% and shop B reduces the 
price by 10%. Which is the cheaper buy? 
 
During week 2, Shop A reduces the price by 50% and shop B reduces the price by 
10%. Which is the cheaper buy? 
 
Is the bigger percentage reduction always the cheaper buy? Explain. (White et al., 
2009) 
 
b. What is income tax? What is GST? Compare GST to a fixed tax rate of $10 per 
purchase (White et al., 2009). What are taxes used for and would there be 
other fairer ways of taxing people? 
 
Discuss with reference to the four resources model (Appendix A). 
Experiment: Sum of two dice 
 
Throw two dice 20 times and record the sums. 
 
1. What answer (sum) do you expect the most? Explain. (purple pen) 
 
2. Explain the graphs below (purple pen). 
 
3. Modify your answer in blue pen with the use of the table. 
 
Sum of 2 dice (20 Tosses): 
 
List: 5, 3, 8, 9, 8, 11, 5, 2, 7, 8, 10, 4, 4, 6, 8, 4, 5, 7, 7,9 
 
20 Tosses 
           
           
           
           
           
      x     
  x x  x x     
  x x  x x x    
x x x x x x x x x x  
2 3 4 5 6 7 8 9 10 11 12 
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50 Tosses 
           
     x      
     x      
    x x      
    x x x     
   x x x x x    
  x x x x x x x   
x x x x x x x x x x  
x x x x x x x x x x x 
2 3 4 5 6 7 8 9 10 11 12 
 
 
Theoretical probability: 
 1 2 3 4 4 6 
1 2 3 4 5 6 7 
2 3 4 5 6 7 8 
3 4 5 6 7 8 9 
4 5 6 7 8 9 10 
5 6 7 8 9 10 11 
6 7 8 9 10 11 12 
 
Theoretical probability of getting a 7 = 
36
6
= 
6
1
 
 
A fair game? 
Try the following game with a partner. Partner A rolls two dice 20 times. If the sum is a 
multiple of five or an even prime partner A wins otherwise partner B wins. Depict the 
results in a table using the words possible outcomes and tally. Also depict the results on a 
graph. 
a. What is the experimental probability that partner A wins, partner B wins? 
b.Is the sample size big enough to give an accurate experimental probability? Explain. 
c.What is the theoretical probability that partner A wins, partner B wins? 
d.Is the game fair? If not, how could you make the game fair? 
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Best country to live in. 
From http://www.expatinfodesk.com/news/2010/07/22/australia-is-the-best-
country-to-live-in-according-to-latest-natwest-survey/ 
Or google search ‘Best country to live’.  Find “Australia is the best country to live...” 
Thursday 22nd July 2010 
Australia has topped the polls as the best country in the world in which to live, beating New 
Zealand and Canada to the number one position in the Natwest annual Quality of Life 
Index.... The survey rated expatriate’s lifestyles and experiences on a number of factors, 
including availability of high quality consumer goods, entertainment, food, law 
enforcement, public transport and accommodation. The number of interviewees was not 
disclosed. 
NatWest IPB Quality of Life Index (from *Centre for Future Studies) 
Country 2010 ranking 2009 ranking 
Australia 1 3 
Canada 2 2 
New Zealand 3 1 
France 4 4 
United States 5 9 
Spain 7 7 
South Africa 8 8 
Singapore 9 11 
United Arab Emirates 10 6 
China 11 10 
Hong Kong 12 12 
 
Write a few sentences about the data based on the four resources model  
(Appendix A). 
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Population density (Source Asiaweek, 29 September, 2000) 
 
Country Area (nearest 
1000 square 
kilometres) 
Population 
(nearest million) 
Population 
Density 
Australia 7 682 000 19 000 000  
Japan 377 000 127 000 000  
India 3 288 000 1 000 000 000  
China 9 561 000 1 275 000 000  
South Korea 98 000 47 000 000  
Sri Lanka 64 00 1 900 000  
 
a. What graph could be used to depict the data which is shown? Explain your 
choice. 
b.  Complete the table above. 
c.     Explain what is meant by population density. Discuss the concept population 
density by referring to the countries mentioned above. 
d.    Australia and Sri Lanka have similar populations but very different population 
densities. Explain. 
e.    Comment on the above figures and some implications for the abovementioned 
countries. 
 
 
  
 Appendices 387 
Appendix K: After-session readings 
 
After- Session 1: Kotsopoulos (2007)   
After Session 2: Zazkis (2009)  
After Session 3: Chick (2004) 
 
Other recommended readings 
Twomey Fosnot and Dolk (2005) or Schifter (2005)  
Rubenstein (2007)  
Raiker (2002)  
van Garderen (2004) 
Wall and Benson (2009)   
Stack, Watson, Hindley, Samson, and Devlin (2010) 
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Appendix L: Final questionnaire and examples of response 
This was completed after the participants had been on teaching practice. 
Questions (based on Chamberlin, 2009): Answer briefly using bullet points if 
needed: 
1. Explain the role that literacy plays in mathematics teaching and learning. Give some 
examples. 
 
2. Describe your own experiences in the learner role in the learning sessions. 
o What was interesting or useful/difficult/easy about the activities and what 
hindered/scaffolded your learning?  
 
o How could learning be improved?  
 
o Did use of the four resources model help you to understand the demands of 
literacy in mathematics? 
 
o Do you have any other thoughts about the learning? 
 
3. Did you focus on literacy in mathematics in your mathematics teaching in the 
teaching practice? If so, give a few examples and provide lesson plans if possible. 
 
4. Did you observe any focus on literacy in mathematics in the lessons that you 
observed? Explain briefly. 
 
5. How do you expect your learning from the learning sessions to impact on your 
future teaching of literacy in mathematics? 
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Olivia, Group A, 2012 (Pseudonym used) 
1. Explain the role that literacy plays in mathematics teaching and learning. Give some 
examples. 
Mathematics requires understanding words as well as symbols and abbreviations. We use 
words and abbreviations in different contexts and with different meanings that could be 
confusing when applied to mathematics. We use words: 
 that have a different mathematical meaning than the day-to-day use it such as 
‘weight’  
 in various ways and abbreviations: a. m. and PM 
 that are homophones: four, for, fore 
 that are different but have the same meaning: multiply/ groups of/ together/ and 
share/ divide 
 incorrectly: ‘average’ 
 and symbols with different interpretation (and often incorrectly): dots, colons and 
coma 
2. Describe your own experiences in the learner role in the learning sessions. 
-       What was interesting or useful/difficult/easy about the activities and what 
hindered/scaffolded your learning? 
It was all fascinating and I learnt I knew even less than I thought I did! 
Having the immediate feedback and explanation in verbal and written formats was useful (I 
implemented that strategy as well as I could with my class teaching time). 
-       How could learning be improved? 
I would have got more out of it if I had been less tired but I am most grateful to have the 
literature, folder of questions and correct answers for reference. 
-       Did use of the four resources model help you to understand the demands of literacy in 
mathematics? 
I found the four resources model difficult because they all seemed to overlap too much for 
me. I like the concept of looking at mathematics like literacy (didn’t get that model in 
English either really). I get that we need students to be able to:  
 recognise and understand the words and symbols 
 interpret their meaning in context of the whole question/ problem 
 critically analyse the meaning and accuracy of data (appreciate data can be 
represented using distracted ‘tricks’ such as in advertising). We need to use the 
same concept to critical analysis of the veracity of data sources as used in 
literature, history, science: don’t just trust Wikipedia or biased sources. 
-       Do you have any other thoughts about the learning? 
3.      Did you focus on literacy in mathematics in your mathematics teaching in the teaching 
practice? If so, give a few examples and provide lesson plans if possible. 
Yes, I tried (within a very restricted teaching setting) to be aware of the terms I used and 
actively designed questions to recognise individual learning and abilities in language (write, 
spoken and symbolic). 
I diplomatically pointed out to my mentor teacher the graph she had the student draw was 
not suitable for a histogram (new knowledge for me, thank you!!), there should be a space 
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between the bars (so she wouldn’t get cross at one of the students who had drawn it 
correctly!). 
4.      Did you observe any focus on literacy in mathematics in the lessons that you 
observed? Explain briefly. 
No, unfortunately (lots of symbolic sheet work). Also, my teacher said I’m not supposed to 
use the word ‘divide’ yet (even though C2C requires it)! Yet I was expected to teach the 
Year 2 students to understand the term ‘transformation’ [i.e. “(turn, flip or slide), the shape 
still has the same size, area, angles and line lengths”] which I think is anything BUT a 
‘transformation’, more a ‘relocation’ or ‘repositioning’ [Definitions: ‘transform’ is a 
transitive verb “to change somebody or something completely, especially improving their 
appearance or usefulness”; ‘transformation’ is a noun “a complete change, usually into 
something with an improved appearance or usefulness”; or mathematical term “the 
mathematical conversion of an expression, equation, or function into another equivalent 
entity, e.g. by the substitution of one set of variables with another”]!!!???!! 
5.      How do you expect your learning from the learning sessions to impact on your future 
teaching of literacy in mathematics? 
Yes, as above, I am more aware of the importance of consistency and literacy issues. 
Good luck with your research, I’m keen to use any ideas and resources you send!  
Many thanks, Linda  
 
Douglas, Group B, 2013 (Pseudonym used) 
(Example of response to email requesting final feedback for the third time) 
Re: FW: Learning sessions on literacy in mathematics - Final Questions  
Sent:  Tuesday, 3 December 2013 8:34 PM  
To:  Lorna Quinnell 
 
 
Have we all been a bit slack, Lorna?!  Sorry!  OK, seeing as you taught me so much, here's 
my modest contribution....   
Thanks again for the sessions, and all the best with your research and for the future. 
 
 
On Mon, Dec 2, 2013 at 8:56 PM, Lorna Quinnell <lorna.quinnell@student.qut.edu.au> 
wrote: 
Hi All, 
Please, please my pretties could I request just 10 minutes of your time to answer the 
questions below so that I can complete my research. 
 
Thanking you profuuuuusssely 
 
Go well Lorna 
 
 
Questions:  Answer briefly using bullet points if needed: 
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1.      Explain the role that literacy plays in mathematics teaching and learning. Give some 
examples. 
As a former engineer, I should know the importance of using precise terminology to avoid 
confusion, but I'm as guilty as anyone a lot of the time.  In the sessions I was struck as to 
the loose way I was using maths language, and also how much I'd forgotten of the 
basics.  In professional life you tend to focus on a specific, narrow field, and don't worry 
about how shapes are described!  From a child's perspective, I'm struck by how much they 
have to learn in any case, without educators using a mix of different (or sometimes just 
plain wrong) words which just makes it all the harder.        
 
2.      Describe your own experiences in the learner role in the learning sessions. 
 
-       What was interesting or useful/difficult/easy about the activities and what 
hindered/scaffolded your learning? 
It all appeared quite challenging to me, as I only vaguely recollect my primary maths. I'm 
very rusty on shapes and how they relate, for example, and parts of the graph work.  In 
particular, there were some techniques which have been introduced since I went to school, 
so I'm completely unfamiliar with them.  
The concept maps were good, as were the card games - which, in particular, quickly 
highlight areas of confidence and confusion.  
 
 
-       How could learning be improved? 
My only suggestion would be to show what's going to be covered through all the sessions, 
so we can understand how it all fits together. 
   
-       Did use of the four resources model help you to understand the demands of literacy in 
mathematics? 
Yeah.  I've seen this before somewhere, and it resonates from my understandings of English 
language learning.  I've also heard it mentioned at school, by teachers, so it's been useful to 
be familiar with it.     
  
-       Do you have any other thoughts about the learning? 
See my intro!  
 
3.      Did you focus on literacy in mathematics in your mathematics teaching in the teaching 
practice? If so, give a few examples and provide lesson plans if possible. 
Yes.  In the last prac I delivered an entire unit on 'Chance' (with Area and Volume tacked on 
the end).  I was very careful with terminology, making a point to get them to write the 
definitions down (sample space, etc).  I carry the Origo handbook with me to check 
terms.  I'm confident with area and volume from my life/professional experience but, even 
then, the question of square centimetres vs centimetres squared came up!    
 
4.      Did you observe any focus on literacy in mathematics in the lessons that you 
observed? Explain briefly. 
As above.   Also, I was asked by a child what 'nought' meant - when I said 'nought point two 
five'.  He's write.  The word is 'zero'.  
 
5.      How do you expect your learning from the learning sessions to impact on your future 
teaching of literacy in mathematics? 
I have a much heightened awareness of literacy in maths, and it's modified my practice 
already.  I was working with the Year 7s, so one lesson included groupwork with your 
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Courier Mail travel and waiting time bar graphs (and others I provided).  What do the 
graphs tell us?  And don't tell us?  What are they trying to spin?  They loved the critical 
literacy stuff - and the practical application of their knowledge in a real-world setting (and 
the feeling that they knew more about maths than the newspaper editors!)     
 
I have also attached a summary of the learning sessions, which I need some feedback on. 
You may wish to confirm or object to parts of the contents or add your own views.  
 
Thanking you all for your input and I hope you gained benefit from it. Here's wishing you all 
a wonderful holiday season and all the best in your teaching ahead. 
 
Go well 
Lorna 
 
 
  
 Appendices 393 
Appendix M: Participants’ work samples (Pseudonyms used) 
1. Decoding graphs Session 3  
a. Hayden, Group C 
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b. Michelle, Group D 
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c. Pamela, Group C 
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2. Examples of reflections after Sessions 1 and 3 
a. Session 1 reflection: Sally, Group C 
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b. Session 3 reflection: Marie, Group B 
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3. FRM and critical analysis – Emergency waiting times graph Session 3 
(Figure 5.8) 
a. Marie, Group B 
 
b. Cynthia, Group D 
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c. Kim, Group D 
 
d. Encoding Question 3 (Session 3) – Cynthia, Group D  
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4. Descriptions and modified word meanings (Session 1)  
a. Marie, Group B 
 
Bottom answers and diagram of isosceles trapezium added in blue. 
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b. Kim, Group D 
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5. Examples of four-square model (verbal and visual word association 
diagrams) 
a. Wen, Group C 
 
All answers added in blue pen. 
b. Taylor, Group A (See Figure 6.4 in main document) 
6. Part of shape concept map on shape (Session 1) – Silvia, Group B 
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7. Writing about transformations (Session 2) - Silvia, Group B (after card 
activity) 
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8. Concept map on literacy in mathematics – Sally, Group C 
 
9. Steps towards solving problems 1 and 2 in Session 2  
a. Problem 1: Using Parkin and Hayes (2006) strategy – Silvia, Group B 
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b. Problem 2 – Some solutions after scaffolding – Silvia, Group B 
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10. Encoding graphs (Session 3) – Betty, Group B   
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Appendix N: Diverse symbolic systems in mathematics  
Although the four literacy resources are inherently intertwined, knowledge can 
be constructed through focusing primarily on individual categories. Reliant on code-
breaking and related meaning-making practices, mathematical ideas are often 
expressed in symbolic language, which as noted by Rubenstein and Thompson 
(2001) and reinforced by this study, poses challenges to learners. Different from 
codes in everyday text, mathematical symbolism follows specific conventions in 
terms of formatting, position, size, and directionality of symbols, words, and 
abbreviations, and use of colours, texture, and keys.  
Symbolism and abbreviations in mathematics 
Several activities were designed to investigate the participants’ knowledge of 
the symbolism of mathematics. Aligned with SC ideas, the third activity in Session 1 
involved collaborative categorisation of cards depicting different elements of 
mathematical language, including varied symbols and abbreviations. Gradually the 
participants divided the symbols and abbreviations into categories, including 
operations, abbreviations, abbreviations for measurement units, geometric symbols, 
and numbers, some of which they were able to distinguish. Through scaffolding from 
others, they built understanding, for instance noting that 3D and NE are different 
from mm, an abbreviated unit of measurement. The participants’ lack of recognition 
of the symbol for perpendicular and confusion over similar symbols was evident in 
the audios. Participants in a number of groups expressed differing views about an 
angle sign thinking it was a greater or less than sign, a number seven, or even a hat.  
Subsequent discussion led to the participants expanding their knowledge of 
mathematical codes and conventions. Discussion turned to the variation of the codes 
in mathematics across time and around the world, an issue previously discussed by 
Adams (2003) and Rubenstein and Thompson (2001). For example in the number 
2,689 the comma means a decimal in some African and European countries. This led 
to Hettie’s comment:  
Hettie: So things that I assumed were universal are just not ... 
Fred: Calvin [their mathematics lecturer] was telling us that in Europe they 
don’t use the dot, ... they use a comma. 
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Differences across the world or through time apply to symbols such as NE, 3D, 
symbols for money, measurement units, and some numerals, meaning that 
mathematical codes are not necessarily familiar to all learners. Also part of code 
breaking, there are at times differences in spelling (e.g., metre/meter). Further, some 
symbolic language such as € for Euro and M, G, T for mega, giga, and tera in 
measurement units such as terabyte have become increasingly common. Such 
variations and changes are important knowledge for teachers who teach children and 
use resources from other countries. Importantly, code-breaking competencies relating 
to symbolic language impact on readers’ meaning-making and text-using 
competencies. 
The researcher’s growing interest in the importance of code breaking and 
related meaning making in mathematics led to the introduction of an extra activity at 
the beginning of Session 2 in 2013, which included questions that relied on 
knowledge of mathematical codes and conventions. Details of the questions and a 
range of participants’ difficulties in their work samples are summarised (Table N.1), 
difficulties evident in all participant groups in 2013. Their challenges were linked to 
a combination of the complex codes and the associated meaning, which are often 
difficult to separate. A discussion follows of the participants’ challenges which 
resulted because of layout, order, position, size, and meaning of symbols in 
exponents, roots, and keys for instance.  
Order of mathematical processing 
Users of mathematical text require prior knowledge of the correct order of 
mathematical processing, this being one element of code breaking in mathematics. 
As discussed by Adams (2003) and Boulet (2007) and evident in Questions 1, 2, and 
3, the order of steps in calculating or reading does not always move from left to right 
in such text. Order is indicated by operations and parentheses, or by implied but 
invisible symbols such as the implied parenthesis in Question 2. Such factors can 
pose challenges if learners overlook the correct mathematical conventions in their 
calculations (Rubenstein & Thompson, 2001), as occurred with Betty in Question 1 
and for four and eight participants in Questions 2 and 3 respectively. Importantly, 
such difficulties often relate to limited conceptual understanding of the difference 
between 2 + 3 x 4 and (2 + 3) x 4 for instance.  
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Table N.1 
Questions and Participants’ Responses in Code Breaking Exercise (Full Questions at the Beginning of 
Learning Session 2 in Appendix J)  
  
Question Participant responses 
1. Evaluate (4  Out of 14 participants six experienced difficulties, challenges 
evident in two out of three groups in 2013: 
Betty, Group B:  (4 x (2 + 3))³ = (4)³ x (2)³ + (3)³                  
Silvia, Group B:  (4 x (2 + 3))³ = (20)³ = 80                             
Molly, Group C:  (4 x (2 + 3))³ = 4 x 5 = 20 x 3 = 60 
Sunita, Group C:  (4 x (2 + 3))³ = 8 + 12 = 20³ = 60                             
Sally, Group C: (4 x (2 + 3))³ = 20 x 20 x 20 = 800 
Pamela, Group C: (4 x (2 + 3))³ = 20 x 20 x 20 = 6000 
Wen, Group C wrote the answer as 8,000 not 8000. 
Also evident were immature use of equal signs: 
Silvia, Group B:    2 + 3 = 5  x  4 = (20)³ = 80  
Marie, Group B:   5  x  4 = 20³ = 8000  
Molly, Group C:   4 x 5 = 20 x 3 = 60 
Sunita, Group C:   8 + 12 = 20³ = 60                                      
Helen, Group C:   5 x 4 = 20 x 20 x 20 = 8000                                            
2. Calculate 2 + 3 × 4 Four out of fourteen participants (Molly, Helen, and Morgon Group 
C, and Douglas Group B) answered by doing the 2 + 3 first, 
therefore gave an answer of 20. Wen Group C gave two answers 14 
and 20 but did not state which was correct. 
Also evident were immature use of equal signs: 
Helen Group C:    2 + 3 = 5  x  4 = 20   
Pamela Group C and Silvia Group B:   3 x 4 = 12 +  2 = 14 
3. MC question: What would 
you calculate first in  
30–14×  16 + 9 
 
Out of the fourteen participants present in the three different groups 
in 2013, eight experienced challenges, evident in all three groups 
B, C, and D. 
Helen and Morgon Group C chose 30 – 14  
Hyden, Sunita Group C and Michelle Group D chose 14 x √16 
Wen, Pamela Group C and Betty Group B chose                               
 16 + 9. The answer should have been 16 + 9. 
4. Classify whether true or 
false if a and b are positive 
whole numbers. 
i. 𝑎 × 𝑏 = 𝑏 × 𝑎 
ii. 5+ 𝑎 > 𝑎 
iii.𝑎² < 𝑎 
iv. 𝑎 − 𝑏 ≠ 𝑏 − 𝑎 
v. 𝑎² + 𝑏² = (𝑎 + 𝑏)² 
Out of 14 participants 0, 1, 4, 6, and 6 answered incorrectly in parts 
i, ii, iii, iv and v respectively mistakes occurring in all three groups 
B, C, and D in 2013 
 
5. Suppose a number x is 
subtracted from 5 and the 
result multiplied by 7 to give 
an answer of 48. Write an 
equation to represent this. 
Three out of fourteen participants (Morgan, Hayden, and Sunita 
Group C) made reversal errors writing   (𝑥 − 5) × 7 = 48 not   
7(5 - 𝑥) = 48.  Marie Group B omitted an answer and Helen Group 
C omitted the bracket and included a box for an 𝑥.  A number of 
other participants wrote (5 - 𝑥) × 7 = 48, which is perhaps better 
written with the 7 first. 
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6. The dimensions of a 
rectangle are length = 7 cm 
and width = 5 cm. Calculate 
the perimeter of the rectangle 
given that the perimeter  
P = 2 (L + W). 
Twelve out of fourteen participants effectively substituted values 
into the formulae in Questions 6 and 7, P = 2(L + W) and              
A = 
𝑏  × ℎ
2
 and calculated correct answers. However in terms of 
communicating the answer effectively, only two out of fourteen 
participants made appropriate use of measurement units in both 
answers. Units given for perimeter included no units and cm². Units 
for area included no units, cm, and cm³. Layout of some answers or 
syntax was a concern          e.g. Helen’s Group C answer:  
A = 
𝑏  × ℎ
2
    30 = 
60
2
  
Morgan Group C erred when copying the formula therefore gave 
the answer for Q6 as: 
P = 2 (L x W) 
= 2 (7 x 5)   
= 2 x 35 
= 70 cm 
Silvia Group B, calculated  
A = 
𝑏  × ℎ
2
 = 
10 × 6
2
  = 
60
2
 = 3   
7. The dimensions of a 
triangle are base b = 10 cm 
and height  h = 6 cm. 
Calculate the area of the 
triangle given that the area is 
given by   
A =
2
hb
 
 
8. A group of 29 athletes were 
participating in high jump. 
The height which each 
student jumped is depicted 
below. What is the maximum 
height jumped?  
Height (cm) 
9 4  5   
8 2  5  6   
7 1  4  7  9     
6 2  3  5  6  6  8  9 
5 5  5  7  8  9  9 
4 3  4  6  9 
3 2  8  9        
  7|5 means 75 
 
Five out of fourteen participants in two groups experienced 
difficulties with reading the highest number from the stem-and-leaf 
plot, Helen Group C giving an answer of 94.5 cm and Hayden 
Group C simply circling the top row of numbers. Douglas Group B 
gave an answer of 95? Or 9?, Silvia Group B answered 94cm, and 
Marie Group B gave 62356689 (the longest row of numbers). 
9. Write three statements in 
symbolic notation to represent 
the shape below. 
 
The majority of the participants in all three groups experienced 
difficulties with the question. One out of fourteen participants, 
Sally Group C, wrote three correct statements (AB = BC,            
AC > AB, AB² + BC² = AC², no line segment symbols) and four 
participants gave one correct statement in symbolic notation      
(AD > BC, ABC > 90°, B = 90°, no angle signs).  Many incorrect 
statements were given such as Michelle’s Group D answer of   
ABC > 90° and Casey’s Group D incorrect statement that        
angle DAC = Angle ADC  
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Meaning of codes and conventions 
Making meaning of mathematical text depends on an ability to unravel the 
underlying codes, mathematical conventions impacting on the complexity of the text 
(Rubenstein & Thompson, 2001). Multiple ideas are expressed in a short section of 
text, which may contain various unfamiliar codes such as roots, exponents, brackets, 
and priority of operations (e.g., Question 4). The symbolic systems are at least partly 
responsible for the high density of mathematics text, a complicating factor referred to 
by many educators (e.g., Barton, Heidema, & Jordon, 2002; Fang & Schleppegrell, 
2010). Examples can be seen in Questions 1 and 3.  
The code-breaking process at times posed difficulties to the participants (e.g., 
Table N.1), scaffolding of which could have been provided in the form of diagrams 
or concrete materials. The text in the first four questions and in Questions 8 and 9 
offered the participants little indication of how to access the meaning of the codes, an 
idea expressed by Zevenbergen (2001). Participants’ challenges with the codes 
included difficulties with exponents, seen in Molly’s and Sunita’s Question 1 
answers in which they understood 20³ to mean 20 × 3 and four participants’ 
difficulties with Question 4 iii. Since only one participant experienced difficulties 
with Question 4 ii, it is assumed that the exponent in the third part of the question 
added an additional level of difficulty. Other challenges with codes included 
assumptions by Wen, Pamela, and Betty in Question 3 that  16 + 9  =  16 + 9. These 
examples illustrate O’Halloran’s (2005) statement that the position of symbols 
(codes) can impact on meaning, an indication of the close link between the two. In 
Question 6, Morgan used a multiplication not addition symbol when she carelessly or 
otherwise overlooked the importance of precision with the codes in mathematics, the 
difference between the two symbols significantly altering the meaning. As discussed 
in Section 5.2.1 many participants experienced difficulties with the codes in Question 
8, graph-types having unique codes and conventions. Notably, interpretations of the 
meanings of the text in the questions depends on order, position, size of the symbols, 
and implied parenthesis. These are examples of syntactical factors referred to by 
O’Halloran, incorrect use of which can result in a large variety of answers as evident 
in the participant responses. Although mathematics ideas expressed in symbolism are 
unambiguous, their brevity at times make them difficult to understand (Pirie, 1998). 
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Reversal errors 
Another issue relating to mathematical conventions, order can impact on the 
correct generation of symbolic statements since the order of symbols does not 
necessarily follow the order of words. Evident in Question 5, transposing words into 
symbols can require specific use of order (Schleppegrell, 2007), but also specific use 
of size, position, and brackets. Disregard of such issues can result in difficulties such 
as those experienced by Morgan, Hayden, and Sunita in Question 5, resulting in 
reversal errors, previously discussed by Schleppegrell (2007).  
Equal signs 
Another issue relating to symbolism, described by educators such as Molina 
and Ambrose (2006) and Warren (2007), and fairly common in preservice teachers’ 
work, is misuse of equal signs. The participants’ challenges relating to use of equal 
signs were evident in Questions 1 and 2 of the exercise on mathematical codes. For 
example:  
Silvia: 2 + 3 = 5 × 4 = (20)3 = 80  
Marie: 5 × 4 = 203 = 8000  
Sources of the challenges could have been underlying misconceptions related to the 
the idea of equivalence, or casual use of the symbol with limited acknowledgement 
of the precision of mathematical language described by Barton (2008). Extending 
Warren’s (2007) conjecture, it is probable that such statements were due to careless 
or incorrect introduction and use of the symbol in early years of schooling, use of 
such statements possibly being reinforced by teachers’ misuse of the equal sign. 
Pointing to the importance of enhancing knowledge of the symbol, incorrect use of 
the equal sign may impact on meaning making in higher levels of mathematics (Van 
de Walle et al., 2010), for instance in the solving of algebraic equations. A number of 
methods have been described by educators (e.g., Heath, 2010; Powell, 2012; Van de 
Walle et al., 2010) for scaffolding of the concept of equivalence (see Section 2.2.3). 
Measurement units 
Measurement units are another example of mathematical codes, correct use of 
which is crucial for meaning making and text using. In Question 6, 7, and to a lesser 
extent 8, measurement units were inefficiently used by the participants. Only two out 
of fourteen made effective use of units in both Questions 6 and 7. Units given for 
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perimeter included no units and cm²; units for area included no units, cm, and cm³. 
Many participants gave no units in the answers, Morgan expressed both answers in 
cm, Pamela expressed perimeter in cm² and area in cm³, and Wen gave perimeter in 
cm² and area in cm. Such answers drew attention to limited conceptual understanding 
and/or lack of appreciation of set conventions governing the use of units. In other 
parts of the study participants used mills for ml, l not L for litre, which can be 
confused with the numeral 1, and centimetres² and metres². In terms of aiding 
meaning making, such examples suggest a need for emphasis on correct use of 
measurement units in preservice education with a focus on conceptual understanding. 
Surprisingly, 10 out of 14 participants in this study made appropriate use of 
measurement units in their answers for Question 8, the stem-and-leaf plot, when 
most omitted units or gave the incorrect units for perimeter and area in Questions 6 
and 7. A possible explanation is that they were more familiar with the concept 
height, than with perimeter and area. Also linked to code breaking of measurement 
units and explained in Siemon et al. (2011, p. 373) was the correct pronunciation of 
m², for instance, as square metre, not following the order in which the symbols are 
written. Douglas, previously an engineer, noted that he was unfamiliar with the 
difference between the meaning of six metres squared and six square metres, a 
difference that could effectively be illustrated diagrammatically. Moreover, there 
were instances of use of non-metric units and associated symbolism, such terms 
common on the World Wide Web, but mostly inappropriate for use in Australian 
classrooms. 
Construction of concept maps of physical attributes and the associated 
measurement units and symbols was used to aid learning of measurement in the 
study, scaffolded through discussion and use of concrete materials to enhance 
conceptual understanding. Together with the audio transcripts the concept map 
exposed participants’ challenges with the metric and non-metric units, including their 
limited knowledge of the units hectare/acre and tonne/ton in particular. 
Geometric symbols 
Code breaking in mathematics includes interpretation and generation of 
geometric symbols and diagrams, such symbolism aiding meaning making. Evidence 
in the study pointed to the difficulties posed by such codes. Evident in the audios of 
the card activity in Session 1, the participants in at least two groups were unfamiliar 
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with geometric drawings. When referring to a geometric drawing of an isosceles 
trapezium, showing two parallel lines and two equal angles one group conversed:  
Taylor: Oh, God. Do you understand what you’re seeing there?  
Verna: Not yet. Yeah that’s – do you know what that means?  
Taylor: Parallel?   
Verna: That – well, yeah. 
Taylor: And then the angles are the same. 
Verna: Yep. 
Taylor: So, I guess, you’d need to know symbols. 
The conversation is an example of the co-construction of meaning during dialogue, 
the participants gradually confirming and expanding their understanding of the 
mathematical codes in the diagram by conferring with peers. The final comment 
highlighted the fact that for full meaning making to occur, an understanding of the 
included codes and conventions is necessary.  
In general, when shown geometric drawings with the symbols included, most 
participants were able to unravel the codes. Some participants were unfamiliar with 
the symbol for perpendicular, and evident in two different groups, an example given 
below, some participants did not fully understand parallel symbols.  
Researcher: It’s geometric drawings, okay? Notice that geometric drawings 
also have special symbols on them. What does that symbol mean?   
Hettie: The arrow line is going that way.  
Taylor: Parallel?  
As suggested by Vygotskian theory, Hettie’s limited ability to articulate the concept 
parallel may be linked to a lack of conceptual understanding, her difficulty similar to 
primary children’s difficulties in Renne (2004). Group discussion with peers aided 
her to extend her knowledge and language use. Subsequently, when asked, the same 
group were able to correctly identify equal angles and right angles by the symbols on 
geometric diagrams. Adding to the complexities of mathematical codes and 
conventions, there are instances in which similar symbols are used for different 
concepts (Gough, 2007). As discussed, the participants confused symbols such as 
angle signs and less than signs.  
Evidence suggested that generating geometric diagrams and symbolic 
statements presented more difficulties than interpreting such representations. In 
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Session 1 (2012 and 2013) in activities in which the participants drew right-angled 
triangles, isosceles trapeziums, and regular polygons, many participants were 
unfamiliar with or had varying success utilising symbols to represent parallel and 
equal lines, equal angles, and right angles (Section 6.2.2). In her four-square diagram 
of a kite, Hettie omitted symbols for equal sides and angles later adding them on 
scaffolding from others. She and other participants appeared unaware that, as part of 
code breaking, such symbols add important information about the properties of a 
shape, enhancing meaning making of a diagram through careful communication of 
the mathematical ideas. In Question 9 of the activity on mathematical codes and 
conventions only one of fourteen participants was able to write three symbolic 
statements about the geometric diagram, and at times inappropriate use was made of 
geometric symbols by the participants, as evident in the examples discussed (see 
Table N.1). 
Final activity on mathematical codes and conventions 
The aforementioned tasks exposed the importance of developing code breaking 
and meaning making practices in mathematics, in order to facilitate the accurate 
presentation of mathematical ideas. This led to a final activity which had the aim of 
scaffolding the participants’ knowledge of such practices, potentially positively 
influencing their teaching efficacy. 
In the final activity, examples of other preservice teachers’ challenges with 
mathematical codes (similar to those in Table N.1) were discussed by groups of 
participants, followed by a class discussion to encourage co-construction of 
understanding about the set conventions and need for care when using the codes in 
mathematics. The activity was based on the views of educators who referred to the 
power of scaffolding learning by focusing on learners’ difficulties (e.g., Holton & 
Clarke, 2006; Shulman, 1986), leading to rectification of misconceptions. As stated 
by Ryan and McCrae (2005):  
Teacher errors deserve attention not least to avoid transfer to children in 
schools. Errors provide opportunities for pre-service teachers to examine the 
basis of their own understandings, as well as identifying areas for attention 
by teacher educators. (p. 647)  
In accordance with instruction that follows SC ideas, lively discussion ensued about 
the appropriate use of mathematical codes, thereby enhancing understanding of 
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common misconceptions in this regard. The discussion was facilitated by the 
researcher, who guided a focus on conceptual understanding. Although surprised at 
the extent of other preservice teachers’ difficulties, the participants admitted that they 
too would have erred in many cases, being unaware of the conventions for writing 
large numbers, using symbols for measurement units, and using equal signs 
correctly. A number of the reflections from Session 2 pointed to broadened 
understanding of the importance of symbolism and its importance in mathematics 
after the activity (Figure N.1). The activity in which other preservice teachers 
difficulties with mathematical symbolism was discussed, was highly rated and 
positively evaluated by the participants in terms of its value in their learning. Further 
analysis is needed of the value of such activities in mathematics instruction. 
The FRM guided the choice of learning activities, which included a focus on 
code breaking issues related to order, position, and use of symbolism. This resulted 
in some understanding of the variety of challenges that preservice teachers can 
experience with the codes and conventions in mathematics. Difficulties involved 
code-breaking and related meaning-making practices, possibly due to limited 
emphasis on symbolism and understanding of the related concepts in mathematics 
instruction, such as having no marks allocated to correct use of codes. The data, 
which were strengthened in places by both data and methodological triangulation, as 
described by Miles et al. (2014), suggested that educators/teacher educators cannot 
assume that learners have necessary knowledge of mathematical codes and 
conventions.  
Silvia: That was very interesting how something as simple as symbols could and does go terribly 
wrong and what little effort is needed to make it easier for children. If teachers are models then they 
should try and get it right … 
Betty: What I found useful was discussing correct representation. We should as teachers make sure we 
use the correct symbols in exam papers … 
Douglas: Very important – Humbled by what they have to learn. They’ve only just learned to read and 
write when they have to decipher … [a range of symbols] 
Marie: Interesting to see how ‘shortcuts’ & incorrect use of symbols would confuse a student 
[especially those with a limited knowledge of the subject] 
Sally: This was very interesting as I had not yet considered this aspect of maths. The learning 
activities were effective in teaching this. 
Cynthia: Deeper knowledge post activities 
Figure N.1. Examples of participants’ reflections from Session 2 on the activity in which they 
discussed other preservice teachers’ challenges with the codes and conventions of mathematics. 
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Teaching and learning of codes and conventions in mathematics 
Although, when interpreting and generating text, there is no hierarchy for the 
four dimensions (Freebody & Luke, 2003), code breaking is the foundation upon 
which meaning making, text using, and critical analysis are based. The FRM drew 
attention to the importance of code breaking practices. In mathematics this includes 
mastery of the culturally accepted codes and conventions, the symbolic language of 
mathematics being a convenient tool for the communication of mathematical ideas. 
The key role and complexities posed by the symbolic language of mathematics was 
evident in the examples discussed in the appendix, examples which suggested the 
importance of a focus on the symbolic systems in the ACARA (2015c) description of 
literacy in mathematics (Section 2.2.1), in the curriculum, and in all studies focusing 
on literacy in mathematics. Symbolism in mathematics will be the focus of future 
studies by the researcher. 
Although the issue requires further investigation, supported by the examples in 
this appendix and by previous discussion (Sections 2.2.3, 5.2), mathematics 
instruction could benefit from an increased focus on the diverse range of codes, in 
particular in preservice teacher education. This is relevant for ensuring precise and 
accurate communication of mathematical ideas by preservice teachers, who require 
the ability to model appropriate use of codes in their teaching, based on deep 
conceptual understanding. Focus is needed on issues such as those discussed, issues 
that impact on meaning making and text using. These include challenges relating to 
the order of operations or challenges relating to the interpretation of (a + b)² and 
 a² +  b² , examples evident in the study. Also important is scaffolding of 
conceptual understanding of measurement units and standard conventions governing 
their use, and of the unique codes and conventions of different graph-types (Section 
5.2.1). As per code breaking in the FRM, focus is needed on the correct use of 
formatting, order, size, positioning, and spacing. Also linked to understanding of 
concepts, care is needed with utilisation of equal signs, and with the layout and use 
of symbols that may be interpreted as something else (Gough, 2007). In other work 
with preservice teachers, the researcher has noted inappropriate use of symbols such 
as colons and dashes, which could at times be interpreted as mathematical symbols. 
Importantly, learners need an awareness of the precision of mathematical codes, in 
which minor changes can have major affects on meaning.  
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Reinforced by the emphasis in the Australian Curriculum on fostering 
understanding (ACARA, 2015b) and following advice from Siemon et al. (2011, p. 
112), difficulties require folding back of language, with a movement from the 
symbolic to the iconic or enactive stages (Bruner, 2006a), to reveal the underlying 
meaning of the abstract symbolism. For instance, the difference between (a + b)² and 
(a² + b²) can be represented diagrammatically, in line with Bruner’s (2006a) enactive 
stage, or by substitution of numbers into the terms. Similarly, in an example that 
portrays the importance of the correct order of operations, the difference between     
2 + 3 × 4 and (2 + 3) × 4 can be scaffolded through the use of concrete materials and 
diagrams. These are ways of facilitating conceptual understanding and possibly 
linking the abstract symbols to prior knowledge.  
Activities aligned with SC ideas can be used to scaffold preservice teachers’ 
knowledge of code breaking in mathematics, placing them in a position to pre-empt 
students’ difficulties in this area of mathematics. A card activity such as that used in 
Session 1 can be utilised to introduce learners to the diversity of the symbolic 
language, and questions can be used to enhance learners’ understanding of 
mathematical codes (e.g., Table N.1). Another activity that proved engaging and was 
positively evaluated by the study participants, involved the examination of other 
preservice teachers’ use and misuse of the codes and conventions in mathematics to 
stimulate group discussion of possible misconceptions. This is in line with an idea 
expressed by Ryan and McCrae (2005) who pointed out that learners’ difficulties 
present opportunities for examining misconceptions, an idea that was successfully 
used in the study. As in the study, construction of concept maps of physical attributes 
and the associated measurement units and symbols can aid learning in the 
measurement strand. Such activities encouraged the study participants to confront 
their misunderstandings by highlighted their difficulties with code breaking in 
mathematics, leading to co-construction of understanding about the conventions and 
the need for care when using the codes in mathematics. 
Consideration of the appropriate timing for the introduction of symbols in the 
classroom is needed. According to Bruner’s (2006a) steps, ideas are best represented 
in concrete, then visual, then symbolic ways. This is similar to O’Halloran’s (2005) 
progression for introducing concepts first through verbal descriptions, then visual 
methods, and finally symbolism, and suggestions from Siemon et al. (2011) of the 
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initial use of concrete materials, moving on to visuals and finally symbols, 
accompanied by language development. Perhaps linear progressions such as these are 
too hierarchical (see Section 2.2.3). However, late introduction of symbolism, once 
understanding of concepts has been established, is seemingly apt considering the 
difficulties that symbolic systems pose to mathematics learners (as evident in this 
study).  
Readings and research can aid the teaching and learning of the symbolic 
language of mathematics. Ideas for scaffolding learners’ knowledge of symbols such 
as geometric symbols were proposed by Adams (2003) and Rubenstein and 
Thompson (2001; Section 2.2.3). The Origo Handbook (Anderson et al., 2008) 
provides key information about symbolism in mathematics, Commonwealth of 
Australia (2002) includes a set of guidelines for the use of symbols in Australia, and 
issues relating to the codes and conventions of mathematics are discussed in Quinnell 
and Carter (2012, 2013) and Rubenstein and Thompson (2001). Such readings can 
stimulate interest and debate in mathematics classrooms and expand teachers’ 
knowledge of pedagogies to aid them to enhance students’ understanding of the 
codes and conventions in mathematics.   
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Appendix O: Analysis: Development of codes and themes 
Stage 1 
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Stage 2 
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Stage 3 
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Stage 4 
 
  
Analysis 4 – Themes, sub-themes (categories), and codes
Four resources 
model (FR) – Q1
Code Breaking (CB) – Q1, Q2
-Symbols and abbreviations
-Words – spelling 
-Order of operations
-Scales, keys 
-Specifier – Points, lines
-Code breaking in graphs
Meaning Making (MM) – Q1, Q2
-Words
-Prior knowledge 
-Inferences 
-Key ideas 
-Integration of data 
Critical Analysis (CA) – Q1, Q2
-Non mathematical critical analysis 
-Mathematical critical analysis  –
heuristic
-Everyday text
Text Using (TU) – Q1, Q2
-Five communication modes
-Problem solving 
-Newspaper reports/everyday text 
-Websites 
-Lack of use of diagrams 
-No connection between shapes 
and concept maps 
Social 
constructivism 
(SC) – Q1
-Pedagogies
-Collaborative learning (CL) 
Scaffolding of learning (SL)
-Reflective learning (RL)
-Concept mapping (CM)
Teaching and 
learning
- Activities
- Preservice 
teachers’ 
confidence
- Independent 
learning
(P) – Q3
Constructive pedagogies
Analysis based on four 
resources – Q1, Q2
Different semiotic 
systems – Q2
-symbolic systems
-Teaching and 
learning (P) – Q3
-Review of use of 
theoretical 
framework – Q3
Knowledge construction
Combinations and Extensions (CE)
Measurement and 
Geometry – Q2
-Confusing words
-Modified words
-Shape activities
-Tessellations
-Transformations
-Problem solving
-Teaching and 
learning (P) – Q3
Statistics – Q2
-Interpreting graphs
-Multiple semiotic systems
-Four resources
-Representing data
-Teaching and 
learning (P) – Q3
 424 Literacy in mathematics in preservice education 
Appendix P: Photos of activities 
a. Probability activity from Session 2 
 
b. Activity on graphs and tables from Session 3 
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Appendix Q: Participants’ understandings of transformation 
terminology 
Congruent 
Sample 1:  
P1: What does congruent mean?   
P2: The same isn’t it? 
Sample 2: Other participants referring to congruent: 
P3: Is congruent the same? 
P4: Congruent?  I am trying to think what congruent means.   
P5: Congruent means the same.   
P6: Congruent is similar, no?  That means something different doesn’t it? 
Referring to the word congruent one participant used the example of two congruent (equal) angles. 
Sample 3:  
P7: Congruent, that? Congruent angles are?   
P8: Ah, I know congruent angles are next to [perhaps thinking of adjacent] – oh, I don’t know what 
congruent means.   
Sample 4: Describing words congruent and similar 
P9: One’s the same and one’s not quite the same.   
Similar 
Other participants referring to similar: 
Sample 5: 
P1: I just thought similar meant the same.     
P2: Similar, kind of the same as.    
P3: …  Almost the same.   
P4: …Wouldn’t have a clue. 
Sample 6: 
P5: Oh…Similar?... [trying to fit similar with reflections]   
P6: Um, it doesn’t really fit. 
P7: No, I don’t like it.  I guess we could go with that but - - -[putting it with translations] 
P8: But they’re the same. 
P7: I know.  I don’t like it. 
P8: Similar is slightly different ... 
P9: [pointing to rotations] These are similar. 
P7: I wouldn’t have put similar - - - 
P10: Because this is all like exact stuff, that kind of like symmetry…. 
Sample 7:  
P11: It’s the same, but slightly different.    
R: In what way is it slightly different? 
P11: Probably reflection; it’s the same shape, but it’s just in a different angle. 
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The researcher corrected this by explaining that in mathematics similar is used for two shapes which 
are in proportion, the same shape but different sizes. 
Sample 8:  
After describing the meaning of the word similar to one group the researcher then suggested they 
explain it to the next group: 
P12: So, we are talking about a triangle you have the one bigger than the other, but it’s not the same, 
so if you times by two it would be double but it’s the same factor and scale.    
Flip, turn, and slide 
Some participants were unfamiliar with the more user-friendly words flip, turn, and slide often used 
for reflection, rotation, and translation respectively at lower levels. The following examples of 
participant statements show uncertainty and misconceptions. 
Sample 9 
P1: Slide is a translation I think.  It’s congruent.   
P2: So rotation’s got a centre, an angle, um, it’s got an axis, is it turns? A slang word for it?   
P3: Do you think that is also flip for rotation?   
And in the photo in Figure 6.7, the words flip and turn have both been placed with rotations. 
Sample 10 
P4: Is rotation turn? 
P5: Yeah, turn.   
Sample 11 
Referring to the word flip: 
P6: See it’s a simple word that, and I never properly knew that.   
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Appendix R: Participants’ comments about their learning in the 
learning sessions (Pseudonyms used) 
(Includes a sample of participants’ comments about their learning in the learning sessions, application 
of their learning in their teaching practice, and possible improvements of the learning in the sessions.) 
 
Reflection 
on 
learning Group A, 2012 Group B, 2013 Group C, 2013 Group D, 2013 
Learning 
in the 
learning 
sessions 
At the end of the first 
learning session in 2012 
the following conversation 
was recorded on the audio: 
Hettie: That was quite 
interesting.   
Olivia: It was extremely 
interesting. Hettie and 
Olivia, Audio End of 
Session 1.  
It was interesting having 
an understanding of 
mathematics as a learner 
from a literacy point of 
view. It had previously 
been something that I had 
noticed, but not necessarily 
thought about. Verna, final 
reflection. 
What was useful about the 
activities were that they 
highlighted the areas that I, 
myself, had [difficulties] 
with understanding.  
Verna, final reflection.  
It was all fascinating and I 
learnt I knew even less 
than I thought I did! Olivia 
final reflection.  
I diplomatically pointed 
out to my mentor teacher 
the graph she had the 
student draw was not 
suitable for a histogram 
(new knowledge for me, 
thank you!!), there should 
be a space between the 
bars (so she wouldn’t get 
cross at one of the students 
who had drawn it 
correctly!). (Appendix L, 
Sample a, Question 3). 
Olivia, final reflection.  
It felt comfortable to share 
what I knew and learn new 
things. Verna, final 
reflection.  
OK, seeing as you 
taught me so 
much, here's my 
modest 
contribution....  T
hanks again for 
the sessions, and 
all the best with 
your research and 
for the future. 
Douglas, final 
reflection.  
As a former 
engineer, I should 
know the 
importance of 
using precise 
terminology to 
avoid confusion, 
but I'm as guilty 
as anyone a lot of 
the time.  In the 
sessions I was 
struck as to the 
loose way I was 
using maths 
language, and also 
how much I'd 
forgotten of the 
basics.  In 
professional life 
you tend to focus 
on a specific, 
narrow field, and 
don't worry about 
how shapes are 
described!  From 
a child's 
perspective, I'm 
struck by how 
much they have to 
learn in any case, 
without educators 
using a mix of 
different (or 
sometimes just 
plain wrong) 
words which just 
makes it all the 
I have a greater 
understanding of the 
importance of literacy 
in mathematics, and 
will ensure I develop 
students [sic] literacy 
in my future 
endeavours. Sally, 
final reflection.  
When students have 
issues with literacy, 
their mathematic 
ability can be 
hindered. – I can now 
understand how this 
can affect students 
(Appendix M, 
Sample 2) Sally, 
Session 1 reflection.  
I think this was a 
very valuable 
learning experience 
for me. Helen, final 
reflection.  
Very effective at 
showing the 
misconceptions 
students and teacher 
must overcome 
Hayden final 
reflection. 
They helped me 
realise my own 
misconceptions, how 
easy it is to 
misunderstand on 
[sic] concept. 
Hayden, final 
reflection. 
It gives me a better 
foundation for being 
a teacher in the future 
to add to what I learnt 
in my Maths lessons. 
Molly, final 
reflection.  
I will be more 
I am far more away 
[sic] of the 
necessity to make 
literacy in 
mathematics an 
explicit focus at 
times. Students 
need the skills to 
have the most 
success in their 
learning outcomes. 
Kim, final 
reflection.  
I thought the 
process of learning 
about mathematics 
literacy was very 
interesting. 
Michelle, final 
reflection.   
I realised it is very 
important that 
literacy becomes a 
cross-curricula 
priority. I found 
those students with 
holes in their 
literacy learning - 
especially reading 
and comprehension, 
had to rely heavily 
on teacher 
instruction and their 
ability to remember 
the instructions to 
complete the work. 
Important to help 
student [sic] 
understand maths 
instructions before 
they can understand 
the maths concepts. 
Casey, final 
reflection.  
More teachers need 
to be exposed to the 
correct language 
and terms they 
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I greatly value the time I 
have spent in these 
lessons. It has improved 
my understanding as well 
as the importance of not 
assuming but clearly, 
explicitly and 
comprehensively teaching 
concepts and language and 
how to approach and 
decode things, even not 
just words, or sentences, 
but graphs and diagrams as 
well. Particularly in being 
critically minded about 
things, for example how a 
graph is designed to 
persuade the reader, 
particularly ones located in 
newspapers and supported 
by an advertising 
company…. I expect it to 
impact greatly. Verna, 
final reflection. 
Having the immediate 
feedback and explanation 
in verbal and written 
formats was useful (I 
implemented that strategy 
as well as I could with my 
class teaching time).... I 
am more aware of the 
importance of consistency 
and literacy issues. 
Good luck with your 
research, I’m keen to use 
any ideas and resources 
you send! Many thanks. 
Olivia final reflection.  
Thanks so much for the 
learning sessions, they 
were extremely valuable in 
my preparation to become 
a registered teacher. They 
gave me confidence in 
approaching maths, 
something I was lacking 
prior to the sessions. 
Hettie, final email.  
harder. (Appendix 
L, Sample b, 
Question 1 
answer) Douglas, 
final reflection.  
I have a much 
heightened 
awareness of 
literacy in maths, 
and it's modified 
my practice 
already. [He went 
on to describe use 
of media graphs 
in his teaching 
practice]. 
(Appendix L, 
Sample b, 
Question 5 
answer). Douglas, 
final reflection.  
 
receptive to 
misconseptions and 
give my students the 
best foot forward 
Helen, final 
reflection.  
It has made me aware 
of the confuusing 
[sic] nature of 
literacy in maths, it is 
very easy to 
overlook the fact that 
students don't fully 
understand concepts 
purely because they 
dont understand the 
words used. By 
focusing on literacy 
as equally as you 
would the actual 
math concept, it will 
help prevent much 
more confusion [sic], 
resulting in more 
effective lessons. 
Hayden, final 
reflection.  
The session improved 
my understanding of 
literacy and its place 
in the maths 
classroom – 
particularly the 
activity where the 4 
resources model was 
linked to maths 
(Appendix M, 
Sample 2) Sally, 
Session 1 reflection.  
should be using. 
Casey, final 
reflection.  
It helped me to 
understand the 
concepts that I was 
going to be 
teaching to 
students. It also 
impressed upon me 
the need to explore 
concepts I am going 
to be teaching, to 
ensure that I am 
teaching and 
understanding the 
concepts correctly, 
and also the 
importance of 
understanding 
student 
understanding of 
concepts. Michelle, 
final reflection.  
I agree that it is 
important to focus 
on literacy in 
mathematics. I am 
enthusiastic about 
mathematics and I 
realise the potential 
benefits of focusing 
on literacy in 
mathematics so it 
will be something I 
focus on in my 
future teaching 
practice. Casey, 
final reflection.  
 
Applica-
tion of 
learning in 
teaching 
practice 
I tried to make a focus of it 
when doing angles, 
tessellations and 
transformations, and 
measurement (perimeter 
and area). Particularly as 
some students had 
difficulty with 
understanding the words 
(in tessellations and 
In the last prac I 
delivered an 
entire unit on 
‘Chance’ (with 
Area and Volume 
tacked on the 
end). I was very 
careful with 
terminology, 
making a point to 
[I] developed some 
effective learning 
strategies for solving 
word problems 
[which included 
using diagrams] 
Hayden, final 
reflection.  
Due to my school 
following C2C 
During a lesson 
where I worked 
with Stepping 
Stones and the idea 
of “sharing” I really 
pushed the children 
to use the word 
division/divided by. 
Some students 
found this very easy 
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transformations) translate, 
rotate and reflect. I aimed 
to make the definitions as 
clear as possible and 
review every lesson in the 
unit that we did. I tried to 
do a tree concept diagram 
with them – in which they 
outlined the terms they 
used in that unit and how 
they connected to each 
other i.e. starting with 
tessellations (no gaps or 
overlaps) then to the three, 
and where they saw them 
at home.  
There were also instances 
when we looked at graphs, 
diagrams and tables from 
newspapers (not just in 
math lessons), and we 
spoke of how we can read 
it, as well as who might 
have designed it and how 
it could also be 
represented. (The students 
seemed interested to 
contribute their ideas on 
this front). Verna, final 
reflection. 
Yes, I tried (within a very 
restricted teaching setting) 
to be aware of the terms I 
used and actively designed 
questions to recognise 
individual learning and 
abilities in language (write, 
spoken and symbolic). 
[She also critically 
reviewed her mentor 
teacher’s lack of focus on 
literacy in mathematics]. 
Olivia, final reflection.  
Another participant did 
daily phonemic and sight 
word awareness activities, 
included reading and 
writing, and made use of 
word walls and mystery 
bags to generate questions. 
Carol, final reflection.  
I have been thinking about 
your advice on my prac 
during my lessons and 
always remember to be 
clear with the language 
and check that everyone is 
understanding what I am 
saying 
get them to write 
the definitions 
down (sample 
space, etc). I carry 
the Origo 
handbook with 
me to check 
terms.  (Appendix 
L, Sample b, 
Question 3 
answer). Douglas, 
final reflection.  
[He also 
investigated the 
meaning of 
graphs from the 
media in his 
teaching practice]  
Douglas, final 
reflection.  
I was asked by a 
child what 
‘nought’ meant – 
when I said 
‘nought point two 
five’. He’s write 
[sic]. The word is 
‘zero’.(Appendix 
L, Sample b, 
Question 4 
answer) Douglas, 
final reflection. ‘ 
 
strictly, I was unable 
to design lessons to 
teaching literacy in 
mathematics. 
However, I ensured 
that when teaching 
the C2C lessons, I 
tried my best to 
develop their literacy 
with correct 
mathematical 
language. Sally, final 
reflection.  
The focus on literacy 
was through problem 
solving questions. the 
[sic] students needed 
to analyse questions 
by reading them first, 
then picking out the 
most important parts 
(what the question is 
asking) - then writing 
the semantic number 
sequence down. Then 
[sic] using Part Part 
Whole as a strategy 
writing down the 
answer in the table 
[sic].  
This i found effective 
as …[it gave students 
an] awareness that 
questions need to be 
brocken [sic] down 
analysed and think 
about what the 
question is really 
asking [sic]. Helen, 
final reflection.  
Not really. I taught 
grade 1 Maths. So we 
used simple words 
like groups of and 
then explained that 
dividing and the 
divide symbol was a 
shorter way of 
writing groups of. 
Molly, final 
reflection.  
Many participants 
stated that they did 
not witness a focus 
on literacy in 
mathematics in the 
lessons they observed 
but others 
commented on 
while the 
consolidation group 
did not. Spending 
time with the 
consolidation group 
and consistently 
using the term and 
reinforcing its 
meaning did help. 
Casey, final 
reflection.  
The mathematics I 
was asked to do 
during term 4 on 
prac focused on a 
lot of concepts they 
had already been 
exposed to. One 
thing I did focus on 
was to make sure I 
exposed the 
children to the 
correct terms - even 
if they had never 
heard them before. I 
would encourage 
the students to 
move away from 
the "child" friendly 
mathematic terms. 
Casey, final 
reflection.  
Most of the 
teaching I did was 
English, Science 
and History so I 
was unable to put 
much focus on 
literacy in 
mathematics. Kim, 
final reflection.  
And in terms of 
evidence of a focus 
on literacy in 
mathematics in the 
lessons which they 
observed: 
She [the teacher] 
would spend time 
defining words and 
terms that students 
found difficult but 
no where near the 
extent of the four 
resources model. 
Casey, final 
reflection.  
I observed several 
lessons on chance 
 430 Literacy in mathematics in preservice education 
(terms/words/concept etc.)  
Hettie, final email.  
strategies used to 
help children with 
problem solving, and 
other ways of 
enhancing knowledge 
of literacy in 
mathematics. 
There were 
posters/visual aids to 
explain the meaning 
of terms. during [sic] 
lesson student were 
asked about their 
prior knowledge of 
terms. this [sic] 
helped. Hayden, final 
reflection.  
and data, and there 
was quite a bit of 
discussion of the 
various terms used, 
such as relative 
frequency, absolute 
frequency, etcetera, 
in order to ensure 
students understood 
the concepts that 
they were going to 
be working with. 
Michelle, final 
reflection.  
Possible 
improve-
ments to 
learning 
sessions 
I would have got more out 
of it if I had been less tired 
but I am most grateful to 
have the literature, folder 
of questions and correct 
answers for reference. 
Olivia, final reflection.  
My only 
suggestion would 
be to show what's 
going to be 
covered through 
all the sessions, so 
we can 
understand how it 
all fits together. 
(Appendix L, 
Sample b, 
Question 2, 
answer). Douglas, 
final reflection.  
Perhaps more 
sessions although we 
were very time poor. 
Or sessions being 
held at the same 
semester as our maths 
subject. Molly, final 
reflection.  
Shorter and more 
frequent lessons. 
Very difficult to 
concentrate on all 
we have learnt in 
such a long session. 
Casey, final 
reflection.  
Allow more time or 
try and cover less in 
each session so 
content can be 
covered more 
thoroughly. Kim, 
final reflection.  
 
  
  431 
Appendix S: Pedagogical strategies for the introduction of literacy in 
mathematics 
Teaching and Learning Practice 
Example/s in Learning Sessions (Appendix J) and 
references 
Four resources model from literacy 
education (providing overriding framework 
for the instruction) 
All learning sessions 
Freebody and Luke (2003) 
FRM heuristic, Appendix A and D 
Collaborative learning 
Scaffolding of learning 
Reflective learning  
All learning sessions 
Appendix G 
Vygotsky (1978) 
Bruner (2006a, 2006b) 
Osterman and Kottkamp (2004) 
Card game on categorisation of different 
categories of mathematical language 
Session 1 
Examples of literacy in mathematics from 
NAPLAN tests, mathematics textbooks, and 
everyday text 
Session 1 
Activities to scaffold the learning of difficult 
mathematical terminology 
Session 1 
Many references e.g. Rubenstein (2007) 
Word introduction strategies: Session 1  
References in Appendix B 
    Definitions Session 1 
Shield (2004) 
    The four-square model/Verbal and visual 
word association diagrams 
Session 1 
Barton et al. (2002), Dunston and Tyminski (2013),  
Gay (2002) 
    Dictionaries Anderson et al. (2008), Eather (2011), O’Brien and 
Purcell (2013) 
    Vocabulary introduction steps Session 1 
Pierce and Fontaine (2009) 
    Discussion of multiple meanings and 
unique     mathematical language 
Session 1, Session 2 
 Barton (2008), Boulet (2007), Latu (2005), 
Zevenbergen (2000) 
    Use of manipulatives Session 1 
Categorisation of shapes activity 
    Other – Games, word roots, word walls,  
etc. 
Session 1 
Shape detective, yes/no game 
O’Gorman (2001) 
Renne (2004) 
    Activity on confusing word pairs Session 1 
Gough (2001),  Rubenstein (2007) 
    Activities on modified word meanings Session 1 
Rubenstein (2007) 
    Activities with prefixes Session 1 
Anderson et al. (2008) 
Rubenstein (2007) 
Use of websites to answer questions Session 1Tessellations activities 
Session 2 Question 4 – emergency trip to Auckland 
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Teaching and Learning Practice 
Example/s in Learning Sessions (Appendix J) and 
references 
Concept maps and summary of contents in 
concept map, e.g., shapes activity 
Session 1, Session 2 
Miller et al. (2009), Novak and Cañas (2008), Shield 
(2004) 
Code breaking exercise and discussion of 
challenges that mathematical codes pose to 
learners (in particular other preservice 
teachers) 
Session 2 
Appendix N 
Ryan and McCrae (2005) 
Card activities on transformations and 
probability 
Session 2 
Problem-solving strategies Session 2 
de Mestre (2011), Working Mathematically (2014), 
Parkin and Hayes (2006),  van Garderen (2004)  
FRM heuristic, Appendix D 
Activities with multiple representations Session 2, Session 3 
FRM heuristic, Appendix D 
Use of representations to aid the teaching 
and learning of concepts: Sum of two dice 
activity 
Session 2 
Encoding graphs/representations Session 3, multiple references, e.g., Chick (2004), 
Wall and Benson (2009) 
Matching card activity: Representations and 
data 
Session 3 
Decoding graphs/representations Session 3, multiple references e.g. MacGregor 
(2002), Wall and Benson (2009), Woodward and 
Pfannkuch (2007)  
Making meaning of media items (use of 
FRM) 
Sessions 1, 2, 3 
Session 1 Hail Mary 
Session 2 Mr and Mrs Tasmania 
Session 3 Travel time and emergency waiting times 
graphs 
Teacher modelling strategies Session 3 
Meaney et al. (2009) 
Activities on critical analysis Session 1, Session 3 
Monteiro and Ainley (2007) 
Reading the data, reading between the data, reading 
beyond the data 
Readings and research All learning sessions, multiple references 
Appendix K 
Audio recordings  All learning sessions 
Kotsopoulos (2007) 
Use of five communication modes All learning sessions 
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Appendix T: Factors which contribute to misleading and biased text 
in mathematics 
Factors contributing to 
misleading elements and bias 
in mathematical text 
(Freebody & Luke, 2003) Examples 
How and when the data were 
gathered (sample size and age 
of data, representative nature) 
Mr/Ms Average Tasmania – both the age and the local Tasmanian nature 
of the data can result in misleading interpretations – Session 2 Question 3d 
– Appendix J and Extra activities. 
Graphs from the media and accidents in Warwickshire - Session 3 
Decoding Questions 3 – small sample sizes.  
Other examples in Watson (2000a) and discussed in Whitin and Whitin 
(2008). 
Period over which data were 
collected or represented  
Hail Mary article – data from early in Olympics – Appendix J Extra 
activities – Only the first few days of the Olympics represented. 
Airline passenger numbers – Session 3 Encoding Question 4.  
Life Saver account graph – Session 1 Question 1c (limited time 
represented). 
Use of biased equipment or 
inappropriate use of 
equipment 
Discussed by Watson (2000a). 
Wording of questions, 
categories used 
Emergency waiting times and accidents in Warwickshire graphs – Use of 
words emergency, breaking point – categories used in emergency waiting 
times graph – Session 3 Decoding Questions 3, 4.  
Examples in Whitin and Whitin (2008). 
Definitions of terms such as 
unemployment, poverty line 
Definition of serious injury in accidents in Warwickshire activity – 
Session 3 Decoding Question 4. 
Distortion of unemployment and poverty data (Frankenstein, 2005). 
Other examples in Whitin and Whitin (2008). 
Use of misleading words such 
as average which can be a 
mean, median, or mode 
Mr/Ms Average Tasmania – Session 2 Question 3d – Appendix J and 
Extra activities. 
Discussed by Brahier (2009) – see Section 2.2.8.  
Who produced the text (e.g. 
politicians, advertisers), how 
and why was it produced, and 
what view was protrayed  
Graphs from the media and accidents in Warwickshire – Session 3 
Decoding Questions 3, 4. 
Distortion of unemployment and poverty data (Frankenstein, 2005). 
Discussed in Whitin and Whitin (2008). 
Advertising statements such as Buy three, 50% off. 
Three examples given in Rush (2004) 
Representation of the data 
(choice of particular words, 
titles, colours, density, labels) 
– What elements were 
omitted, overemphasised, or 
misrepresented 
Life Saver account graph – Session 1 Question 1c (y-axis not starting at 
zero, emotive title, colours and widths of bars). 
Hail Mary activity – Appendix J Extra activities – choices made when 
representing the data. 
Airline passenger numbers – Session 3 Encoding Question 4.  
Travel time and emergency waiting times graphs – Session 3 Decoding 
Question 3. 
Examples in Watson (2000a), discussed by Mackinlay (1999), Whitin and 
Whitin (2008). 
Widths and colours of bars in bar graph (Wall & Benson, 2009). 
All facts and only the given facts need to be represented (Mackinlay, 1999). 
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Factors contributing to 
misleading elements and bias 
in mathematical text 
(Freebody & Luke, 2003) Examples 
Use of incorrect/distorting 
choice of representation e.g. 
use of 3D graphs or y-axis not 
starting at zero 
Life Saver account graph – Session 1 Question 1c (y-axis not starting at 
zero, emotive title, colours and widths of bars). 
Airline passenger numbers – Session 3 Encoding Question 4.  
Discussed by Wall and Benson (2009), Watson (2015). 
Distortion in maps (Frankenstein, 2005). 
Other examples in Mackinlay (1999). 
Choice of grouping of the 
information in the presented 
results 
Emergency waiting times graph – choice of grouping would have impacted 
on the message given by the graph – Session 3 Decoding Question 3. 
Meaning of the combined 
elements of the text which can 
include written text, symbolic, 
graphical and other 
representations, and may 
include varied digital 
elements 
Mr/Ms Average Tasmania - Session 2 Question 3d – Appendix J Extra 
activities. 
Question on parking – Session 1 Question 1b – Full understanding could 
not come from understanding statements in isolation. 
Discussed by Avgerinou and Petterson (2011). 
Reading beyond the data, e.g., 
Trends and predictions 
Graphs on accidents in Warwickshire – Session 3 
Example in Monteiro and Ainley (2007). 
Conclusions reached or 
unsupported assertions made 
based on the data 
Graphs from the media and accidents in Warwickshire – Session 3 
Decoding Questions 3, 4. 
Discussed by Watson (2000a), Whitin and Whitin (2008). 
Differences in the 
interpretation of the author 
and readers due to varying 
beliefs, knowledge and 
worldviews 
Discussed in terms of Hail Mary article and emergency waiting times 
graph – Session 3 Extra activities and Decoding Question 3 respectively. 
Discussed by Monteiro and Ainley (2004, 2007). 
Other factors  Analysis of whether all the data and only the given data is represented 
(Mackinlay, 1999), without advertently of advertently introducing bias 
(Monteiro & Ainley, 2003a, 2010; Wall & Benson, 2009; discussed in 
Section 2.2.5). 
Factors discussed by Whitin and Whitin (2008).   
Note. Questions from learning sessions can be found in Appendix J. 
  
